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The investigation of pro-oxidant: Effect of a new Schiff base and 
its metal complexes (Cu, Ni, Co, Zn, Mn)
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ABSTRACT

Background: Multifarious biological activities of Schiff base (SB) derivatives are well-known. Aim: In this 
study aimed that investigation of pro-oxidant effect of ([(2-hydroxybenzylidene)-3methylurea]) derivative SB 
and its metal complexes. Material and Methods: Pro-oxidant effect was determined by antioxidant vitamins 
levels effect against malonyldialdehyde (MDA), which is an indicator of lipid peroxidation in the serum of rats. 
To this end; 4-6 weekly Wistar albino rats were injected 25 mg/L 2 weeks subcutaneously for 3 days apart by 
1 ml injection of a new compound and were then sacrificed 16 days later. Effect of these compounds serum MDA 
concentration, which is an indicator of lipid peroxidation, serum antioxidant vitamins A, E, C levels were measured 
with high-performance liquid chromatograph. In the comparison done among a group. Result: It was observed 
that although other serum parameters were altered, groups in comparison with each other in the MDA, vitamins 
A, E and C concentrations were not statistically changed. Conclusion: It may conclude that the compounds tested 
the administered dose does not cause oxidative stress.

Keywords: Antioxidant vitamins (A, E, C), high-performance liquid chromatograph, malonyldialdehyde, 
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INTRODUCTION

Schiff bases, aldehyde or ketone compound obtained from 
the reaction with the primary amine condensation products. 
Schiff base and its metal complexes are interrelated with 
diverse pharmacological activities; antiviral,1 antimicrobial  
and diuretic activity,2 antineoplastic,3 antibacterial‑catalytic,4 
anti-inflammatory analgesic and antipyretic agent,5 
antiproliferatif,6 antitumor.7

In study of; identified that Schiff base and derivatives against 
of OH·induced oxidation of DNA were exhibited high 
performance antioxidant activity.8

In a study published in 2013; founded that a Schiff base   
derivative Cu complexes were exhibited a strong pro-
oxidant property.9

MATERIALS AND METHODS

Materials and instrumentation

All solvents were of  analytical-grade reagents. The liquid 
chromatographic system (Shimadzu) consisted of  two 
LC-20AD pumps, aDGU-20A5 degasser, a Sil20A auto 
sampler, a CTO-10As VP column oven, an SPD-M20A 
DAD system, and an RF-10AXL Fld system. The two 
detectors were connected in series.

Animal treatment

Experiments were performed on male Wistar Albino rats 
weight 150-200 g and 4-6 weekly. They were allowed free 
access to food and water. Room temperature was maintained 
at 22 ± 1°C with a 12- hour’s light- dark cycle. The animals were 
randomly divided into seven groups (Control, L, [Mn(L)2], 
[Co(L)2].H2O, [Zn(L)2].3H2O, [Cu(L)2].4H2O, [Ni(L)2].2.H2O 
groups, with each group containing 7 rats. The rats were two 
weeks subcutaneously for three days apart by 1 ml injection as 
25 mg/L of  compounds.10 And all animals were anesthetized 
with ether and scarified on day 16.
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Stock solution of the compounds was freshly prepared 
before each treatment. They were suspending in corn oil 
at desired concentration after an initial dissolution in 10% 
DMSO. This concentration of DMSO by itself produced 
no observable toxic effect. Control received vehicle alone.

Sample collection

All animals were anesthetized with ether and scarified on 
day 16. Blood was withdrawn from the heart and collected 
into glass tubes.10 They were centrifuged at 4.500  rpm 
for 10  min for determination of  serum vitamins and 
malonyldialdehyde (MDA). The samples were stored at 
−20°C until assayed.

Analytical methods

All serum biochemical parameters in this study were measured 
by high-performance liquid chromatograph (HPLC), using 
previously described methods for vitamins A and vitamin E.11,12 
Vitamin C and MDA, with minor modifications.13

Analysis of  vitamins A and E

Serum samples taken from the freezer after dissolution 
process 0.3  ml serum sample on a 1% ethyl alcohol 
containing 0.3 ml H2SO4 proteins were precipitated by 
addition. The mixture was vortexes then centrifuged 5 min 
at 2500 rpm. On the samples was added 250 µl of  n-hexane. 
Hexane fat-soluble vitamins in the medium by the addition 
of  hexane were extract was phase. Hexane was added and 
the tubes were stirred in vortex and then centrifuged again 
at the end of  centrifugation the hexane phase was carefully 
separated from the glass tube. Stirred by the addition of  
250 µl of  sample was centrifuged hexane and n-hexane 
phase and the hexane phase was combined in a glass tube. 
Extracted with hexane, dried under nitrogen was carefully 
removed. The residue was dissolved in 100 L of  methanol 
(10) HPLC was analyzed. Vitamin E in the sample at a 
wavelength of  296 nm and 326 nm vitamin 5 μ inertsil C-18 
(15 mm × 4.6 mm) column and acetonitrile methanol:dic
hloromethane:chloroform:hexane (60:10:15:10:5) mobile 
phase at flow rate 1 mL/min analysis11 was to be recycling 
92% for vitamin A, vitamin E was found to be 96%.

Vitamin C and MDA analysis

A volume of  0.3 ml of  serum sample taken. its on by adding 
0.3 mL of  0.5 M HClO4 was precipitated proteins. This mixture 
was then vortexes then by adding pure water on the total 
volume of  1 ml complete. After 15 min the mixture centrifuged 
(2500 rpm/min) and then 20 μl of  samples taken carefully from 
above supernatants were injected on HPLC.12 Mobil phase 

(potassium phosphate and methanol mixed [65:35]), flow rate 
1 mL/min analysis. C-18 (15 × 4.6 mm) column. Wavelength 
of  254 nm.Ascorbic acid and MDA. While vitamin C for the 
recovery of  95%, MDA 98.8% was found.

Statistical analysis

Results are expressed as mean ± standard deviation. 
Statistical analysis and comparison between mean values 
for cytotoxicity were performed by turkey variance 
analysis (SPSS 10.0 for Windows; SPSS, Inc., Chicago, 
Illinois, USA).The least significant difference test was 
used to analyze antioxidant parameters. Level of Statistical 
significance was set at P < 0.05.

RESULTS

All data are presented in Table 1.

Serum MDA and vitamin A, E, C levels were not statistical 
changed differently among treatment groups.

DISCUSSION

It has been reported that the structure and conformation 
of ligand have an influence on the redox potential of the 
central atom in coordination compounds. The changes 
(i.e.,  coordination shaper) in metal ions are related to the 
change of diverse biological function of the compound. The 
fundamental knowledge of these laws can be used to synthesize 
more active complexes or contribute to our understanding of 
biological properties of natural bio coordinative compounds. 
Our results appear to confirm the explanations activity is 
affected strongly by the structure of the ligand.14

ROS-mediated oxidation of membrane lipids result in the 
formation of lipid peroxidation of membrane (LPO) product 
as MDA.15 MDA (malondialdehyde) is generally considered 
to be degradation of HYPERLINK "http://en.wikipedia.

Table 1: Serum levels of MDA and vitamins in the rats 
treated with ligand and its complexes
Compounds 
(n=5)

Vitamin E 
(mg/L)

Vitamin A 
(mg/L)

Vitamin C 
(mg/L)

MDA 
(mg/L)

Control 1.39±0.08 0.06±0.10 30.014±0.58a 0.73±0.08
Ligand (schiff 
base)

1.77±0.11 0.10±0.025 29.945±0.33 0.72±0.08

(Cu[L]2[H2O]4) 127±0.05 0.54±0.09 28.840±0.29 0.69±0.06
(Co[L]2[H2O]1) 1.39±0.08 0.56±0.05 29.912±0.53 0.68±0.08
(Ni[L]2[H2O]2) 1.52±0.21 0.84±0.09 29.908±0.62 0.70±0.03
(Mn[L]2([H2O]) 1.50±0.35 0.74±0.07 30.050±0.20a 0.69±0.03
(Zn[L]2[H2O]3) 1.82±0.48 0.70±0.07 29.938±0.65 0.73±0.34
aP<0.05. MDA: Malonyldialdehyde
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org/wiki/Polyunsaturated_fat" \o "Polyunsaturated 
fat"polyunsaturated lipids.16 This compound is a reactive 
HYPERLINK "http://en.wikipedia.org/wiki/Aldehyde" 
\o "Aldehyde"aldehyde and is one of the many reactive 
electrophile species that cause toxic stress in cells.17

The cellular antioxidant systems can be divided in two 
major groups; enzymatic and no enzymatic. Some no-
enzymatic low-molecular-weight antioxidant compounds, 
such as ascorbic acid (AsA), a-tocopherol (vitamin E), and 
carotenoids are consumed and may fall below normal range. 

The relative importance of the antioxidant and pro-oxidant 
activities of antioxidants are an area of current research, but 
vitamin C, which exerts its effects as a vitamin by oxidizing 
polypeptides, appears to have a mostly antioxidant action in 
the human body.18,19 However, less data is available for other 
dietary antioxidants, such as vitamin E,20 or the HYPERLINK 
"http://en.wikipedia.org/wiki/Polyphenol_antioxidant" 
\o "Polyphenol antioxidant" polyphenols21,22 Likewise, the 
pathogenesis of diseases involving hyper-uremia likely involve 
uric acid's direct and indirect pro-oxidant properties.

This work carried out in order toinvolvement in ROS 
(reactive oxygen species) of new ligands and metal 
complexes. ROS are formed and degraded by all aerobic 
organisms, leading to either physiological concentrations 
required for normal cell function or excessive quantities, 
the state called oxidative stressdue to their high reactivity, 
ROS are potentially toxic, mutagenic, or carcinogenic.23

CONCLUSION

Our findings show that although serum parameters were 
altered, this changed; groups in comparison with each other 
in the MDA, vitamins A, E, and C concentrations were not 
statistically significant. In summary, it may conclude that 
the compounds tested the administered does not cause 
oxidative stress.

Declaration of  interest

This study was financially supported by Fırat university 
scientific research unit (Project no: 1700). 

ACKNOWLEDGEMENT

The authors would also like to thanks.

Conflict of  interest

We have no conflict of interest.

REFERENCES

1.	 Das A, Trousdale MD, Ren S, Lien EJ. Inhibition of herpes simplex virus type 1 
and adenovirus type 5 by heterocyclic Schiff bases of aminohydroxyguanidine 
tosylate. Antiviral Res 1999;44:201-8.

2.	 Hitendra KL, Das S, Patil K, Youssouffi H, Hadda TB, Pillai AK. Evaluation 
of antimicrobial and diuretic activity of Schiff base metal complexes, part-I. 
World J Pharm Pharm Sci 2014;3(6):1267-81.

3.	 Sur B, Chatterjee SP, Sur P, Maity T, Roychoudhury S. Studies on the 
antineoplasticity of Schiff bases containing 5-nitrofuran and pyrimidine. 
Oncology 1990;47:433-8.

4.	 Jeewooth T, Kam LH, Bhowon MG, Ghoorrohoo D, Babooram K. Synthesis 
and anti-bacterial/catalytic properties of Schiff bases and Schiff base 
metal complexes derived from 2,3-diaminopyridine. Synth React Inorg 
Metal-Organic Chem 2000;30:1023-38.

5.	 Murtaza S, Akhtar MS, Kanwai F, Abbs A, Ashiq S, Shamim S. Synthesis 
and biological evaluation of schiff bases of 4-aminophenazone as an anti-
inflammatory, analgesic and antipyretic agent. J Saudi Chem Soc 2014. 
Inpress doi: 10.1016/j.jscs.2014.04.003.

6.	 Abdel-Rahman HM, Abdel-Aziz M, Canzoneri JC, Gary BD, Piazza GA. 
Novel quinazolin-4(3H)-one/Schiff base hybrids as antiproliferative and 
phosphodiesterase 4 inhibitors: Design, synthesis, and docking studies. 
Arch Pharm (Weinheim) 2014;347:650-7.

7.	 Sunil D, Isloor AM, Shetty P, Nayak PG, Pai KSR. In vivo anticancer and 
histopathology studies of Schiff bases on Ehrlich ascitic carcinoma cells. 
Arabian J Chem 2013;6:25-33. Doi: 10.1016/j.arabjc.2010.12.016.

8.	 Yang-Feng L, Zai-Qun L, Ferroceny L. Schiff  base as novel antioxidant 
to protect DNA against the oxidation damage Eur J Pharm Sci. 2011;44: 
158-63.

9.	 Li YF, Liu ZQ. Ferrocenyl Schiff base as novel antioxidant to protect DNA 
against the oxidation damage. Eur J Pharm Sci 2011;44:158-63.

10.	 Aratepe MK. Firat University, Institute of Science, PhD Thesis, Elazig, (2002).
11.	 Cetinkaya N, Ozcan H. Investigation of seasonal variations in cow serum 

retinol and beta-carotene by high performance liquid chromatographic 
method. Comp Biochem Physiol A Comp Physiol 1991;100:1003-8.

12.	 Catignani GL, Bieri JG. Simultaneous determination of retinol and alpha-
tocopherol in serum or plasma by liquid chromatography Clin Chem 
1983;29:708-12.

13.	 Karatepe M, Simultaneous determination of ascorbic acid and free 
malondialdehyde in human serum by HPC/UV. LC-GC North Am. 
2004;22:362-5.

14.	 Wendel A, Reiter R. In vitro assessment of hepatic lipid peroxidation by 
malondialdehyde or ethane determination. Oxygen Radic Chem Biol 
1984;345-9.

15.	 Nordberg J, Arnér ES. Reactive oxygen species, antioxidants, and the 
mammalian thioredoxin system. Free Radic Biol Med 2001;31:1287-312.

16.	 Pryor WA, Stanley JP. Letter: A suggested mechanism for the production 
of malonaldehyde during the autoxidation of polyunsaturated fatty 
acids. Nonenzymatic production of prostaglandin endoperoxides during 
autoxidation. J Org Chem 1975;40:3615-7.

17.	 Farmer EE, Davoine C. Reactive electrophile species. Curr Opin Plant Biol 
2007;10:380-6.

18.	 Carr A, Frei B. Does vitamin C act as a pro-oxidant under physiological 
conditions?". FASEB J 1999;13:1007–24.

19.	 Valko M, Morris H, Cronin MT. Metals, toxicity and oxidative stress. Curr Med 
Chem 2005;12:1161-208.

20.	 Schneider C. Chemistry and biology of vitamin E. Mol Nutr Food Res 
2005;49:7-30.

21.	 Halliwell B. Are polyphenols antioxidants or pro-oxidants? What do we learn 
from cell culture and in vivo studies? Arch Biochem Biophys 2008;476:107-
12.

22.	 Ristow M, Zarse K. How increased oxidative stress promotes longevity and 
metabolic health: The concept of mitochondrial hormesis (mitohormesis). 
Exp Gerontol 2010;45:410–8.

23.	 Giacosa A, Filiberti R. Free radicals, oxidative damage and degenerative 
diseases. Eur J Cancer Prev 1996;5:307-12.


