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Abstract: The unicellular green alga Scendesmus obliquus was cultured under different concentrations
(1.5, 3, 4.5 and 6 ppm) of either CoCl2 or NiCl2 and treated with 200 ppm applied vitamins
[Pyridoxine (vitamin (B6) and riboflavin (vitamin (B2)]. The growth criteria (cell number and dry
weight), total photosynthetic pigments, total proteins, proline and free amino acids contents were
significantly increased up to the level 3 ppm of either CoCl2 or NiCl2.Thereabove, all these contents
were significantly decreased, when the algal culture subjected to the higher levels (4.5 and 6 ppm)
of both CoCl2 and NiCl2.However,the soluble proteins and proline contents were significantly increase,
when the algal cultures subjected to higher levels of both CoCl2 and NiCl2. All these contents were
compared with those of the control cultures. On the other side, treatment Scenedesmus obliquus
cultures with 200 ppm of either pyridoxine (vitamin (B6) or riboflavin (vitamin (B2) and subjected to
the different levels (1.5, 3, 4.5 and 6 ppm) of CoCl2 and NiCl2, the growth parameters (cell number
and dry weight), total photosynthetic pigments, total proteins content, proline and free amino acids
contents were significantly increased. All these parameters content were compared with that those of
the control cultures. In this respect, the soluble proteins and proline contents of Scenedesmus obliquus
were significantly decreased, when the algal culture subjected to the different levels (1.5, 3, 4.5 and
6 ppm) of CoCl2 and NiCl2 and treated with 200 ppm applied vitamins either pyridoxine (vitamin (B6)
or riboflavin (vitamin B2).

Key words: Scenedesmus obliquus, growth criteria, total proteins content, proline, free amino acids,
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INTRODUCTION

Aquatic environments are often exposed to various pollutants like heavy metals that are released from
industrial, agricultural and domestic wastes. Emissions of heavy metals can then enter all ecosystems and bring
about severe problems in plants, especially algae depending on the concentrations of a given heavy element.
In this context, heavy metals are among the most dangerous substances in the environment, because of their
high level of durability and harmfulness to live organisms. 

Many pollutants like pesticides, oil hydrocarbons, and algicidal heavy metals as well as thermal and
radioactive pollution can get into aquatic environments after direct or indirect release from industries,
agriculture and households (Fathi et al., 2008). As an important group of these various chemical substances,
heavy metals may be deposited into all ecosystems (Mutlak et al., 1979). The disturbance of aquatic
ecosystems provoked by heavy metals pollution from industrial and domestic sources, has as consequence the
loss of biological diversity, as well as increased bioaccumulation and magnification of toxicants in the food
chain (Pena-Castro et al., 2004). 

Microalgae are sensitive indicators of environmental change and, as the basis of most fresh water and
marine ecosystems, are widely used in the assessment of risk and development of environmental regulations
for metals (Levy et al., 2007). In this context, De Filippis and Pallaghy (1994) found that some of these metals
are required for cell growth, but the high concentrations of all metals exert toxic effects on metabolic
machinery of algae. The phenomenon of the growth of algae subjected to heavy metals stress was clarified
(Fathi and Falkner, 1997;Fathi, 2002; 2005; Fathi et al., 2008). 

Czerpak et al. (1994), found that the low concentration of Co2+ exerted maximal stimulatory effect on
Chlorella pyrenoidosa cells at the exponential growth phase in terms of fresh weight, dry weight, total 
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photosynthetic pigments, water-soluble proteins and monosaccharides content, when compared to the control
culture. However, Lustigman et al. (1995) studied the effect of Co2+ on Chlamydomonas reinhardtii. They
observed reduction of growth at 10 ppm Co2+ and without change in the morphology of the cells or pH.But,
under higher level at 20 ppm Co2+, on the other hand, growth was considerably reduced compared to the
control culture and the color of the organism became paler and the cells clumped. 

On the other hand, nickel occurs principally as Ni2+ in surface waters, but oxidation starting ranging from
Ni- to Ni 4+ have been reported from time to time (Moncreiff (1983). Olivera and Antia (1984) found that the
inhibitory of diatom Cyclotella cryptica to grow on urea in an oceanic-sea water medium was due to
inadequate concentration of Ni2+ ions in the medium ; at least 4-5 n M Ni2+ was required for measurable
growth, while the ocean water contributed only 1.4 nM Ni2+ to the growth medium. Interestingly, a wide range
of Ni2+ concentrations (0.01-10 µM) supported of this diatom, while higher Ni2+ concentrations were inhibitory
to growth, presumably as a result of heavy metal toxicity.

In this respect, Matulová (1979) found that the first deleterious effect, strong deleterious effect and lethal
effect of Ni to the chlorococal green algae (Scenedesum quadicauda and Chlamydomonas eugametors) to be
0.02, 0.05 and 0.1 mg L-1, respectively. In this contest, Stokes et al., (1973) found that the growth inhibition
of the green algae Scenedesum after 10 days at Ni concentration of 0.5 mg L-1 .However, Hutchinson and
Stockes (1975) found that the growth parameters of Chlorella vulgaris were increased at nickel concentration
of 0.5 mg L-1.

Vitamins act as trigger in the biochemical reactions in the plant cells. Also, vitamins are among the
organic nutritional factors required for continued growth and metabolic activities of living organisms. These
compounds were scarcely tried to countered some the adverse effects of salinity and heavy metals stress
(Desouky, 1995 and Desouky, 2003). In this context, some authors working with the normally cultured (non-
treatment) algal groups, found that the additional of various vitamins was necessary for continued growth of
these algae (Breland, e.t al., (1978);Swift, (1980); Desouky,(1995) &(2003). In this context, applied vitamins
such as ascorbic acid and thiamine were used in the treatment the adverse effects of stress and heavy metals
(Desouky,1995 and Desouky, 2003).

Pyridoxine or vitamin B6 is a water-soluble vitamin and is part of the vitamin B complex group. Several
forms of the vitamin are known, but pyridoxal phosphate (PLP) is the active form and is a cofactor in many
reactions of amino acid metabolism, including transamination, deamination, and decarboxylation. PLP also is
necessary for the enzymatic reaction governing the release of glucose from glycogen.

Riboflavin (vitamin B2) is a water-soluble vitamin, which is involved in vital metabolic processes. It
necessary for normal cell function, growth, and energy production. Small amounts of riboflavin are present in
plant tissues. Green plants and most microorganisms can synthesize it. It exists in combined forms as
coenzymes and functions in the metabolism of carbohydrates and amino acids. In this context, Desouky (2003)
who found that the growth parameters, total photosynthetic pigments, photosynthesis rate, total carbohydrates
content, total protein contents and free amino acids were significantly increased, when the algal cultures treated
with 200 ppm riboflavin and subjected to the various concentrations of Pb2+. 

Aim of this study illustrated, the main important role of some exogenously organic additives counteracted
the adverse effects of some heavy metals on growth criteria, photosynthetic pigments, total protein contents,
proline and free amino acids of Scenedesmus obliquus cultures. 

MATERIALS AND METHODS

Tested Alga:
Scendesmus obliquus was collected from the River Nile and used as a test organism. Beijerinck’s nutritive

culture was used as a medium for enrichment and growth of the tested alga, (Stein, 1966).

Treatments:
Scendesmus obliquus cultures subjected to 00 (control) and 200 ppm of pyridoxine (vitamin (B6) and

riboflavin in the absence or presence of different levels (00, 1.5, 3, 4.5 and 6 ppm) of cobalt and nickel
chloride for 7 days incubations.

Analytical Methods:
1-Determination of Cell Number: 

One drop of the algal suspension was pipette on the slide Haemocytometer (0.1mm depth), covered and
left two minutes for algal setting. The mean counts of four replicates were taken into consideration and the
results measured as cells ml-1 alga1 suspension.
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2-Determination of Dry Weight:
A definite volume (100 mls.) of alga suspension was filtered through weighed glass fiber filter. The cells

after being precipitated on the filter were washed twice with distilled water and dried over night in an oven
at 105 oC. The data were expressed as µg 100 ml-1 algal suspension.

3-Determination of Total Photosynthetic Pigments:
The pigment fractions (µg m1-1 algal suspension) chlorophyll a, chlorophyll b and carotenoids were

calculated using the equations mentioned by Metzner et al., (1965).

Chlorophyll a = 10.3E663-0.918E664 = (µg m1-1 algal suspension)
Chlorophyll b = 19.7E664- 3.87E663 = (µg m1-1 algal suspension)
Carotenoids = 4.2 E452 (0.0264 chloro. a + 0.426 chloro. b) = (µg m1-1 algal suspension)

4- Protein Contents: 
Using folin phenol reagent according the method adapted by Lowry et al., (1951) .The data were measured

as µg mg-1 dry weight. 

5- Proline: 
It was determined according to Bates et al, (1973) methods. The results of proline contents are calculated

(µg mg -1dry weight).

6-Free Amino Acids: 
Free amino acids were extracted from fresh water algal suspension and calorimetrically determined using

the method of Moore and Stein (1948). The free amino acid contents are calculated as μg mg-1 dry weight. 

7- Statistical Analysis: 
Four replicates were used in this study and the data were statistically analyzed to calculate the Least

Significant Difference (L.S.D) according to Snedecor and Cochran (1980).

Results:
The results in this study shows the interaction effects between some heavy metals and applied vitamins

[pyridoxine vitamin (B6) and riboflavin vitamin (B2)] on growth criteria, total photosynthetic pigments, total
proteins content, proline and free amino acids contents of Secnedesmus obliquus cultures for 7 days incubation.

In this study, the growth parameters (cell number and dry weight) and total photosynthetic pigments of
Scenedesmus obliquus cultures were significantly increased under the lower levels of CoCl2 only. Thus, the
stimulation values amounted to 32 %, 15 % and 25% were observed in cultures treated with 1.5 and 3 ppm
CoCl2 only, more than the control culture value, respectively, after 7 days incubations. However, under higher
relatively levels of 6 ppm of CoCl2 all these parameters were significantly decreased. Thus, the reduction
values were 13 %, 18 % and 50 %, below the control culture, were observed in algal cultures treated with
higher level 6 ppm Co2+, respectively, after 7 days incubation (Fig-1).

On the other hand, the growth parameters (cell number and dry weight) and total photosynthetic pigments
of Scenedesmus obliquus cultures were significantly increased, when the algal cultures subjected to the various
levels (1.5, 3,4.5 and 6ppm) CoCl2 and treatment with 200 ppm pyridoxine (vitamin B6). Therefore, the
stimulation values reached to 53 %, 64 and 53 % more than the control culture, when the algal cultures
subjected to 4.5 ppm CoCl2 and treated with 200 ppm pyridoxine, respectively, after 7 days incubation.
Thereabove, the growth parameters and total pigments were significantly increased. Thus, stimulation values
were 11 % , 26 % and 8 % more than the control culture after 7 days incubation in cultures treated with 8
ppm CoCl2 and 200 ppm pyridoxine (vitaminB6), respectively, (Fig1-a).

Similarly, the stimulation values of cell number, dry weight and total pigments of Scenedesmus obliquus
cultures were 66 %, 50% and 40 % more than the control cultures observed in cultures treated with 6 ppm
CoCl2 and 200 ppm riboflavin, respectively, after 7 days incubation. Thereabove, the growth parameters (cell
number, dry weight) and total photosynthetic pigments were significantly increased. Thus, stimulation values
amounted to 15 %, 5 % and 2 % more than the control culture, in cultures subjected to6 ppm CoCl2 and
treated with 200 ppm riboflavin, respectively, for 7 days incubation (Fig.1-b).
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Fig. 1: Cell number (Cell ml-1 algal suspension), dry weight (µg ml-1algal suspension) and photosynthetic
pigments (µg ml-1algal suspension) of Scenedesmus obliquus cultures subjected to various
concentrations of CoCl2 and 200 ppm applied vitamins of either pyridoxine (vitamin B6) or riboflavin
(vitaminB2) for 7 days incubation.

Similarly, the stimulation values of cell number, dry weight and total pigments of Scenedesmus obliquus
cultures were 66 %, 50% and 40 % more than the control cultures observed in cultures treated with 6 ppm
CoCl2 and 200 ppm riboflavin, respectively, after 7 days incubation. Thereabove, the growth parameters (cell
number, dry weight) and total photosynthetic pigments were significantly increased. Thus, stimulation values
amounted to 15 %, 5 % and 2 % more than the control culture, in cultures subjected to6 ppm CoCl2 and
treated with 200 ppm riboflavin , respectively, for 7 days incubation (Fig.1-b).

In this context, also, the growth parameters (cell number and dry weight) and total photosynthetic pigments
of Scenedesmus obliquus cultures were significantly increased. Thus, the stimulation values reached to 24 %,
36 and 19 % more than the control culture were observed in cultures treated with 3 ppm NiCl2, respectively,
after 7 days incubations. Thereabove, all these contents were significantly decreased. Thus, reducing values
were 50 %, 32 % and 18% less than the control culture were observed in algal cultures treated with higher
level of 6 ppm of Ni2+ only, respectively, after 7 days incubation (Fig. 2).

When the Scenedesmus cultured treated with 200 ppm pyridoxine (vitamin B6) and combinations with
different levels (1.5, 3, 4.5 and 6 ppm) of NiCl2 the growth parameters (cell number and dry weight) and total
pigments were significantly increased. Thus, stimulation values were 32 %, 39 % and 69 % more that the
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control culture , when the Scenedesmus subjected to 4.5 ppm NiCl2 and treated with 200 ppm pyridoxine
(vitamin B6), respectively, for 7 days incubation. On the other side, under higher relatively concentration of
heavy metal 6 ppm NiCl2 and treated with 200 ppm pyridoxine, the growth parameters and total pigments were
significantly increased. Therefore, stimulation values were 17 %, 16 and 12 more than the control culture,
respectively, when the algal cultures subjected 6 ppm of NiCl2 and to treated with 200 ppm pyridoxine
(vitamin B6) (Fig.2-a).

Fig. 2: Cell number (Cell ml-1 algal suspension), dry weight (µg ml-1algal suspension) and photosynthetic
pigments (µg ml-1algal suspension) of Scenedesmus obliquus cultures subjected to various
concentrations of NiCl2 and 200 ppm applied vitamins pyridoxine (vitamin B6) and riboflavin (vitamin
B2) for 7 days.

In other hand, the Scenedesmus cultured treated with 200 ppm riboflavin (vitamin B2) and combinations
with different levels of (1.5, 3, 4.5 and 6 ppm) of NiCl2, the cell number, dry weight and total photosynthetic
pigments of Scenedesmus obliquus cultures were significantly increased. Thus, stimulation values were 61 %,
61 % and 98 % more that the control culture, when the algal cultures subjected to 4.5 ppm NiCl2and treated
with 200 ppm riboflavin, after 7 days incubation, respectively. Also, under higher relatively concentration of
heavy metals 6 ppm NiCl2 and treated with 200 ppm riboflavin, the growth parameters and total pigments were
significantly increased. Therefore, stimulation values were 13 %, 9% and 12 % more than the control culture
value, respectively, when the algal cell cultures treated with 6 ppm of NiCl2 and 200 ppm riboflavin (Fig 2-b).
The various protein fractions (soluble, insoluble and total protein contents) of Scenedesmus obliquus cultures
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grown for 7 days under various concentrations (1.5, 3, 4.5 and 6 ppm) of both CoCl2 and NiCl2 only were
followed. Under the lower levels of (1.5 and 3 ppm) of both CoCl2 and NiCl2, the various protein fractions
exhibited generally higher contents than the control cultures. Thus, the stimulation values of insoluble and total
proteins content of Scenedesmus obliquus cultures were 47 % and 54 % more than the control cultures, when
the algal culture subjected to 3 ppm CoCl2 respectively.On the other hand, the stimulation values of insoluble
and total proteins content of Scenedesmus obliquus amounted to 36 % and 41 % more than the control
cultures, when the algal culture subjected to 3 ppm NiCl2, respectively. However, under the higher levels of
heavy metals (4.5 and 6 ppm) of both CoCl2 and NiCl2 the insoluble and total proteins were significantly
decreased in most cases, of that the control cultures. Thus, the reduction values of insoluble and total proteins
were 37 %, 46 %, 37 % and 20 % less than the control cultures, when the algal cultures subjected to 6 ppm
of either CoCl2 or NiCl2, respectively.

On the other side, the soluble protein contents were gradually increased with the increasing of heavy metal
level . Thus the maximum stimulating values were 70 % and 60 % more than the control cultures, when the
algal cultures subjected to 6 ppm of either CoCl2 or NiCl2, respectively. Also, the minimum increasing values
were 20 % and 10 % more than the control cultures, when the algal cultures subjected to 1.5 ppm of either
CoCl2 or NiCl2, respectively (Table 1 and 2). 

The insoluble and total proteins contents of Scenedesmus obliquus cultures were significantly increased
when the algal cultures treated with various levels (1.5, 3, 4.5 and 6 ppm) of CoCl2 and 200 ppm applied
vitamins of both pyridoxine and riboflavin. Thus, the maximum stimulation values were 100 % and 90 % more
than the control value, when the algal cultures subjected to 4.5 ppm of CoCl2 and treated with 200 ppm
pyridoxine, respectively. Similarly, the contents of insoluble and total proteins were significantly increased in
algal culture treated with 6 ppm CoCl2 and 200 ppm pyridoxine. Thus, the minimum stimulation values were
7 % and 6 % more than the control value, when the algal cultures treated with 6 ppm of CoCl2 and 200 ppm
pyridoxine only, respectively, (Table 1-a). In this context, the insoluble and total proteins of Scenedesmus
obliquus were significantly increased when the algal culture subjected to various levels of (1.5, 3, 4.5 and 6
ppm) of CoCl2 and treated with 200 ppm riboflavin. Thus, stimulation values were 113 % and 103 % more
than the control culture, in culture treated with 4.5 ppm of CoCl2 and 200 ppm riboflavin. Also, the contents
of insoluble and total proteins of Scenedesmus obliquus were significantly increased in algal culture treated
with 6 ppm CoCl2 and 200 ppm riboflavin. Thus, stimulations were 9 % and 10 % more than the control
value, when the algal cultures treated with 6 ppm of CoCl2 and 200 ppm riboflavin, respectively, (Table 1-b).

In this context, insoluble and total protein contents of Scenedesmus obliquus were significantly increased
when the algal cultures subjected to different levels (1.5, 3, 4.5 and 6 ppm) of NiCl2 and treated with 200 ppm
applied vitamins [(both pyridoxine(vitamin B6) and riboflavin (vitamin B2)]. Thus, stimulations values were 105
% and 99 % above the control value, when the algal cultures subjected to 4.5 ppm of NiCl2 and treated with
200 ppm pyridoxine, respectively. On the other side, the contents of insoluble and total proteins were
significantly increased in algal culture subjected to 6 ppm NiCl2 and treated with 200 ppm pyridoxine. Thus,
stimulation values were 10 % and 13 % more than the control cultures, respectively, (Table 2-a). In this
respect, the contents of insoluble and total proteins were significantly increased when the algal culture subjected
to various levels of (1.5, 3, 4 and 6 ppm) of NiCl2 and treated with 200 ppm riboflavin. Thus, stimulations
were 78 % and 75 % above the control culture value, in culture treated with 4.5 ppm of NiCl2 and 200 ppm
riboflavin. Also, the contents of insoluble and total proteins were significantly increased in algal culture treated
with 6 ppm NiCl2 and 200 ppm riboflavin. Thus, stimulations were 2 % and 9 % more than the control value,
when the algal cultures treated with 6 ppm of NiCl2 and 200 ppm riboflavin only, respectively, (Table 2-b). 

However, soluble protein contents of Scenedesmus obliquus cultures were significantly decreased, when
the algal cultures treated with the various levels of (1.5,3,4.5 and 6 ppm) of CoCl2 and NiCl2 and applied
vitamins (200 ppm pyridoxine and riboflavin).Also, the protein contents of Scenedesmus obliquus cultures were
significantly decreased, when the algal cultures treated with the higher levels 6 ppm of ppm of CoCl2 and
NiCl2 and 200 ppm applied vitamins of either pyridoxine (vitamin B6) or riboflavin ( vitamin B2) . Thus,
reductions were 40 %, 17%, 4% and 2 % less than the control value in culture was treated with 6 ppm of both
CoCl2, NiCl2 and 200 ppm of pyridoxine and riboflavin CoCl2 and NiCl2 ( Table 1 and 2 a& b).

Proline contents of Scenedesmus obliquus were significantly increased in algal culture treated with various
levels of either CoCl2 or NiCl2.Thus, the maximum stimulation values were 113 % and 162 more than the
control cultures, when the algal cultures subjected to 6 ppm of both CoCl2 and NiCl2, respectively. Also, the
minimum increasing values amounted to 39 % and 72 % more than the control cultures, when the algal
cultures subjected to 1.5 ppm of either CoCl2 or NiCl2respectively.

On the other hand, the proline contents of Scenedesmus obliquus cultures were significantly decreased,
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when the algal cultures subjected to the various levels (1.5,3,4.5 and 6 ppm) of either CoCl2 or NiCl2 and
treated with 200 ppm applied vitamins of either pyridoxine or riboflavin. Also, the proline contents of
Scenedesmus obliquus cultures were significantly decreased, when the algal cultures treated with 6 ppm of ppm 

Table 1: Protein contents(soluble, insoluble and total proteins) (µg mg-1 dry weight), of Scenedesmus obliquus cultures Beijer subjected
to various concentrations of CoCl2 and 200 ppm applied vitamins of either pyridoxine (vitamin B6) and riboflavin (vitamin B2)
for 7 days incubation.

Treatments Soluble proteins % control Insoluble proteins % Control Total proteins % Control
CoCl2 (ppm)
00:00 30.00 100.00 190.00 100.00 210.00 100.00
1.5 :00 36.00 120.00 230.00* 121.05 266.00** 126.66
3: 00 44.00* 146.00 280.00** 147.36 324.00** 154.28
4.5 : 00 48.00** 160.00 150.00* 78.94 198.00* 94.28
6 : 00 51.00** 170.00 120.00** 63.15 114.00** 54.28
L.S.D at 1 % 10.258 30.252 10.321
L.S.D at 5% 14.560 45.639 15.780

1-a : Pyridoxine (vitamin B6) 
CoCl2 (ppm) : vita. B6 (ppm)
00:200 28.00* 93.33 250.00** 115.78 278.00** 132.30
1.5 :200 26.00* 86.66 280.00** 147.36 306.00** 145.71
3: 200 23.00** 76.66 350.00** 184.21 373.00** 177.61
4.5 : 200 20.00** 66.66 380.00* 200.00 400.00** 190.47
6 : 200 18.00** 60.00 205.00* 107.89 223.00** 106.19
L.S.D at 1 % 1.123 10.967 15.654
L.S.D at 5% 3.154 15.223 25.147

1-b Riboflavin (vitamin B2)
CoCl2 (ppm) : vita. B2 (ppm)
00:200 24.00* 80.00 200.00 105.96 224.00** 106.00
1.5 :200 17.00** 56.66 280.00** 147.36 297.00** 141.42
3: 200 19.00** 63.33 380.00** 200.00 399.00** 190.00
4.5 : 200 22.00** 73.33 405.00** 115.78 427.00** 203.33
6 : 200 25.00* 83.33 208.00* 109.47 233.00** 110.95
L.S.D at 1 % 4.232 15.231 10.321
L.S.D at 5% 6.369 25.325 12.333

Table 2: Protein contents(soluble, insoluble and total proteins) (µg mg-1 dry weight), of Scenedesmus obliquus cultures Beijer subjected
to various concentrations of NiCl2 and 200 ppm applied vitamins of either pyridoxine (vitamin B6) and riboflavin (vitamin B2)
for 7 days incubation.

Treatments Soluble proteins % Control Insoluble proteins % Control Total proteins % Control
NiCl2 (ppm)
00:00 30.00 100.00 190.00 100.00 210.00 100.00
1.5 :00 33.00 110.00 225.00* 118.42 255.00** 121.42
3: 00 38.00 126.66 260.00** 136.84 298.00** 141.90
4.5 : 00 45.00** 150.00 130.00** 68.42 175.00** 83.33
6 : 00 48.00** 160.00 120.00** 63.15 168.00** 80.00
L.S.D at 1 % 10.258 30.252 10.321
L.S.D at 5% 14.560 45.639 15.780

2-a : pyridoxine (vitamin B6)
NiCl2 (ppm) : vita (B6) (ppm)
00:200 21.00** 70.00 249.00** 131.52 250.00** 119.09
1.5 :200 26.00** 86.66 310.00** 163.15 336.00** 160.00
3: 200 27.00* 90.00 360.00** 198.47 387.00** 184.28
4.5 : 200 28.00* 93.33 390.00** 205.26 418.00** 199.04
6 : 200 29.00 96.66 210.00* 110.52 239.00** 113.80
L.S.D at 1 % 1.123 18.967 15.654
L.S.D at 5% 3.154 22.223 25.147

2-b : Riboflavin (vitaminB2)
NiCl2 (ppm) : vita (B2) ((ppm)
00:200 23.00** 76.66 234.00** 123.15 257.00 122.38
1.5 :200 25.00** 83.33 298.00** 156.84 323.00 153.80
3: 200 27.00** 90.00 302.00** 158.94 329.00 156.66
4.5 : 200 28.00* 93.33 203.00* 106.84 231.00 110.00
6 : 200 29.25 98.33 200.00* 102.26 229.00 109.04
L.S.D at 1 % 1.232 9.231 10.321
L.S.D at 5% 2.369 15.325 12.333

of CoCl2 and NiCl2 and 200 ppm applied vitamins of either pyridoxine(vitamin B6) or riboflavin (vitamin
B2).Thus, the reducing values were 4%, 3%, 2% and 4% less than the control cultures , when the algal cultures
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subjected to 6 ppm of either CoCl2 or Nicl2 and treated with 200 ppm applied vitamins both pyridoxine and
riboflavin, respectively (Table 3a&b and 4a&b). 

Table 3: Proline and free amino acid contents (µg mg-1 dry weight) of Scenedesmus obliquus cultures subjected to various concentrations
of CoCl2 and 200 ppm applied vitamins either pyridoxine(vitamin B6) or riboflavin (vitamin B2) for 7 days incubation.

Treatments Proline % Control Amino acids % Control
CoCl2 (ppm)
0:00 1.87 100.00 3.10 100.00
1.5:00 2.60** 139.03 4.32** 139.35
3:00 3.02** 161.49 5.97** 192.58
4.5: 00 3.66** 195.72 2.27** 73.22
6:00 4.00** 213.9 1.67** 53.87
L.S.D at 1 % 0.012 1.003
L.S.D at 5% 0.015 1.005

3-a : Pyridoxine (vitaminB6)
CoCl2 (ppm): vita. B6 (ppm)
00:200 1.19** 63.63 6.64** 214.19
1.5:200 1.30** 69.51 10.53** 339.67
3:200 1.66** 88.77 12.38** 399.35
4.5:200 1.78** 95.18 13.80** 445.16
6:200 1.81** 96.79 4.40* 141.93
L.S.D at 1 % 0.001 1.200
L.S.D at 5% 0.002 2.006

3-b: Riboflavin (vitamin B2)
CoCl2 (ppm): vita. B2 (ppm)
00:200 1.40** 74.86 6.58** 212.25
1.5:200 1.50** 80.2 7.25** 226.56
3:200 1.65** 88.32 6.80** 219.35
4.5:200 1.70** 90.9 8.22** 265.15
6:200 1.75** 93.58 4.70* 151.61
L.S.D at 1 % 0.005 1.004
L.S.D at 5% 0.008 2.007

Table 4: Proline and free amino acid contents (µg mg-1 dry weight) of Scenedesmus obliquus cultures subjected to various concentrations
of NiCl2 and 200 ppm applied vitamins either pyridoxine(vitamin B6) or riboflavin (vitamin B2) for 7 days incubation.

Treatments Proline % Control Amino acids % Control
NiCl2 (ppm)
0:00 1.87 100.00 3.10 100.00
1.5:00 3.22** 172.19 4.20** 135.48
3:00 3.56** 190.37 5.30** 170.96
4.5:00 4.21** 225.13 2.50** 80.64
6:00 4.90** 262.03 2.22** 71.61
L.S.D at 1 % 0.012 0.898
L.S.D at 5% 0.015 1.004

4-a : Pyridoxine (vitamin B6)
NiCl2 (ppm):vita. B6 (ppm)
00:200 1.66** 88.77 5.55** 179.03
1.5:200 1.70** 90.9 6.80** 219.35
3:200 1.75** 93.58 7.85** 253.22
4.5:200 1.80** 96.25 8.20** 264.15
6:200 1.84** 98.39 4.20* 135.48
L.S.D at 1 % 0.001 1.003
L.S.D at 5% 0.002 2.006

4-b: Riboflavin (vitamin B2)
NiCl2 (ppm): vita.B2 (ppm)
00:200 1.52** 81.28 6.21** 200.32
1.5:200 1.65** 88.23 8.20** 264.51
3:200 1.68** 89.83 10.14** 327.09
4.5:200 1.74** 93.04 11.20** 361.29
6:200 1.80* 96.25 4.30* 138.7
L.S.D at 1 % 0.005 1.004
L.S.D at 5% 0.008 2.007

The vitamins play an important role in stressed cells, is also expressed in change in the biosynthesis of
free amino acids. Thus, free amino acid contents of Scenedesmus obliquus cultures were significantly increased,
when the algal cultures were subjected to lower levels of both CoCl2 and NiCl2 only. The stimulations values
of free amino acids were 92 % and 70 % more than the control cultures, when the Scenedesmus obliquus
cultures subjected to 3 ppm of both CoCl2 and NiCl2 only. Also,the reducing values of free amino acids were
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47% and 29% less than the control cultures, when the algal cultures subjected to 6 ppm of both CoCl2 and
NiCl2 only

Treating Scenedesmus obliquus cultures with 200 ppm applied vitamins both pyridoxine and riboflavin and
subjected to various levels (1.5, 3,4.5 and 6 ppm) of either CoCl2 or NiCl2,the free amino acids content were
significantly increased. The maximum increasing values amounted to 345%, 165 % ,164 % and 261 % more
than the control cultures, when the algal cultures subjected to 4.5 ppm of either CoCl2 or NiCl2 and treated
with 200 ppm applied vitamins of both pyridoxine and riboflavin, respectively (Table 3a&b and 4a&b).

In this respect, free amino acids contents were significantly promoted, when the Scenedesmus obliquus
cultures subjected to higher level of 6 ppm of both CoCl2 and NiCl2 and treated with 200 ppm applied vitamins
of both pyridoxine and riboflavin for 7 days incubation. 

Discussion:
It is well known that algal cells exposed to heavy metals may suffer serious morphological and

biochemical alterations (Rocchetta et al., 2006). In this investigation the growth parameters (cell number and
dry weight) and total photosynthetic pigments, total protein contents and proline and free amino acids of
pollutant-Scenedesmus obliquus cultures were significantly increased upto the level 3 ppm of CoCl2 only. These
results are agreement with Afkar et.al., (2010) who working with Chlorella vulgaris reported that the growth
parameters ,total pigments content total protein contents and free amino acids were increased under lower doses
of some heavy metals (Co2+, Zn2+ and Cu2+), whears under higher doses the growth parameters and total
pigments content were decreased. In this context, El-Naggar et al. (1999) who reported inhibition of chlorophyll
biosynthesis as a result of Co2+ treatment.. Also, El-Sheekh et al., (2003) recorded that the growth parameters
and total pigment contents of Monoraphidium minutum and the diatom Nitzschia perminuta were slightly
increased at low concentrations and inhibited by high Co2+ concentrations. These results are agreement with
those were obtain by Lustigman et al. (1995) who recorded that the effect of Co2+ on Chlamydomonas
reinhardtii. They observed reduction of growth at 10 ppm Co2+. At 20 ppm Co2+, on the other hand, growth
was considerably reduced compared to the control and the color of the organism became paler and the cells
clumped. In accordance with , Czerpak et al. (1994), who reported that the growth parameters,total pigments,
water-soluble proteins and total carbohydrate contents of Chlorella pyrenoidosa were increased, when the algal
cultures treated with the lower concentration of Co2+, whears used higher levels of CoCl2 all these parameters
were decreased compared to the control culture. There are a remarkable number of investigations demonstrating
the toxic effects of heavy metals on different species of algae (El-Sheekh et al., 2003; Osman et al., 2004;
Fathi et al., 2005; Akira et al., 2005; Muwafq and Bernd, 2006; Anne et al., 2006).

On the other hand, the growth parameters (cell number and dry weight) and total pigments content of
pollutant-Scenedesmus obliquus cultures were significantly increased ,when the algae cell cultures were
subjected to various levels of (1.5,3.4.5 and 6, ppm) of ColCl2 and treated to with applied vitamins (200 ppm
of pyridoxine (B6) and riboflavin (vitamin (B2)). In accordance with this, Desouky (2003) recorded that the
growth parameters (cell number and dry weight) and total photosynthetic pigments were significantly increased,
when the Chlorella cells were subjected to various levels of Pb+2 and treated with 200 ppm riboflavin.

In this context, also, the growth parameters (cell number and dry weight) and total photosynthetic pigments
of pollutant-Scenedesmus obliquus cultures were significantly increased ,when the algae cell cultures were
subjected to the various levels of NiCl2 only .Thereabove, all these contents were significantly decreased, when
the algal cell cultures subjected to the higher levels NiCl2.

The soluble, insoluble and total protein contents of stressed –Scenedesmus obliquus cultures grown for 7
days under various concentrations of both CoCl2 and NiCl2, the various protein fractions exhibited generally
higher contents than the control cultures. However, the moderate and highest levels of heavy metals of (4.5
and 6 ppm) of both CoCl2 and NiCl2 lowered in most cases, the contents of these proteins fractions .

In his context, the insoluble and total proteins of Scenedesmus obliquus were significantly increased when
the algal culture subjected to various levels of (1.5, 3, 4.5 and 6 ppm) of CoCl2 and treated with 200 ppm
riboflavin. Also, the contents of insoluble and total proteins of Scenedesmus obliquus were significantly
increased in algal culture treated with 6 ppm CoCl2 and 200 ppm riboflavin.

In this context, insoluble and total protein contents of stressed –Scenedesmus obliquus were significantly
increased when the algal cultures treated with the various levels of NiCl2 and applied vitamins. Thus,
stimulation values were 105 % and 99 % above the control, when the algal cultures treated with 4.5 ppm of
NiCl2 and 200 ppm pyridoxine, respectively. On the other side, the contents of insoluble and total proteins
were significantly increased in algal culture treated with 6 ppm NiCl2 and 200 ppm pyridoxine. In this respect,
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the contents of insoluble and total proteins were significantly increased when the algal culture subjected to
various levels of NiCl2 and treated with 200 ppm riboflavin. Also, the contents of insoluble and total proteins
were significantly increased in algal culture treated with 6 ppm NiCl2 and 200 ppm riboflavin. 

However, soluble protein contents of Scenedesmus obliquus cultures were significantly decreased, when
the algal cultures treated with the various levels of both CoCl2 and NiCl2 and vitamins applied (200 ppm
pyridoxine and riboflavin). Also, the protein contents of Scenedesmus obliquus cultures were significantly
decreased, when the algal cultures treated with the higher level of CoCl2 and NiCl2 and vitamins applied (200
ppm pyridoxine and riboflavin). 

Proline contents of Scenedesmus obliquus were significantly increased in algal culture treated with various
levels of CoCl2 and NiCl2. Under higher level of NiCl2, the proline contents were significantly increased, when
the algal cultures treated with 6 ppm NiCl2.

In this investigation the proline contents of Scenedesmus obliquus cultures were significantly decreased,
when the algal cultures subjected to the various levels of (1.5,3,4.5 and 6 ppm) CoCl2 and NiCl2 and treated
with applied vitamins 200 ppm (pyridoxine and riboflavin).Also, the proline contents of Scenedesmus obliquus
cultures were significantly decreased, when the algal cultures treated with 6 ppm of ppm of CoCl2 and NiCl2

and applied vitamins (200 ppm pyridoxine and riboflavin). 
Treating Scenedesmus obliquus cultures with 200 ppm applied vitamins both pyridoxine and riboflavin,

free amino acids contents were significantly promoted. In this respect, free amino acids contents were
significantly promoted ,when the Scenedesmus obliquus cultures subjected to higher level of 6 ppm of both
CoCl2 and NiCl2 and treated with 200 ppm of either pyridoxine or riboflavin for 7 days incubations. 
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