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IN THE PRESENT work novel para methyl, para methoxy maleanilinic acid derivatives; 
which were prepared by solvent free reaction between maleic anhydride and p- methyl 

and p- methoxy aniline derivatives in a good yield. The prepared two novel derivatives are 
successfully applied in this research as selective chromogenic analytes for spectrophotometric 
analysis of heavy metal cations in water samples. Simple, accurate, precise, sensitive and 
pH-selective visible spectrophotometric method has been developed and validated for the 
direct determination of iron (III) and chromium (III) in pure and/ or environmental samples. 
These selected indicators are successfully applied for the analysis of Fe (III) and Cr (III) in 
water samples collected from regional wells in El-Beheira governorate. The obtained results 
are compared with the data obtained by atomic absorption of these metal cations in the same 
wells; which indicate great correlation between the two techniques. This correlation refers 
to the validation of the suggested spectrophotometric procedures in environmental analysis. 
These indicators are also tested against some kinds of bacteria, fungi and cancer cells. These 
derivatives possess great activities towards different kinds of bacteria and cancer cells. The 
obtained results in this research indicate that; the two prepared novel maleanilic acid derivatives 
are successfully applied in environmental analyses and health applications.

Keywords: N-maleanilic acid Indicators, Atomic Absorption, Iron (III) Chromium (III), 
Ground water analysis, Health applications.
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Introduction                                                             

Metal ions play a very important role in many 
biological systems [1]. Iron is considered as second 
most abundant metal in the earth’s crust. Dissolved 
iron in water, causes the water to taste metallic [2]. 
Therefore, it is vital for both animals and plants. 
Its versatility is unique. It is found in such diverse 
metallo-enzyme as nitrogenase, various oxidases, 
hydrogenases, reductases, dehydrogenases, 
deoxygenases, and dehydrases. Iron is involved in 
enormous range of function and the whole range 
of life forms, from bacteria to man [3]. Owing to 
cheapness, rapidity, and simplicity of UV–Visible 
spectrophotometric methods; they have been 
developed for the determination of metal ions 
[4-8]. It involved the use of various chromogenic 
analytes for this purpose [9-11]. Ferric is the most 
stable state of iron in the solutions; hence the 
determination of iron is generally demonstrated 

on Fe (III) contents. Spectrophotometry is 
essentially a trace analysis technique and is one 
of the most powerful tools in chemical analyses 
[12-14]. However, iron concentrations in body 
tissue must be carefully regulated; because 
excessive iron leads to tissue damage as a result 
of the formation of free radicals [15]. Elemental 
iron is rarely found in nature, as the iron ions Fe 
(II) and Fe (III) readily combine with oxygen 
and sulfur; which containing compounds to form 
oxides, hydroxides, carbonates, and sulfides. So 
the dissolved iron more commonly exists in the 
form of its oxides [16].  In order to provide safe 
drinking water to the public, both government 
and private organizations measure iron content 
in drinking water and other tap waters in every 
sector including schools, hospitals, industries, 
etc. [17]. Important research had been reported 
simple and reliable method for the extraction,  
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separation,  preconcentration,  and  determination  
of  iron  as  its bathophenanthroline  complex  by  
the  use  of  octadecylsilica  membrane  disks  
and spectrophotometry. Chromium is a major 
pollutant for environment, and exists mainly in 
two different oxidation states in the environment, 
Cr(III) and Cr(VI); which have contrasting 
physiological effects. Cr(III) is considered as an 
essential trace element for the maintenance of 
effective glucose, lipid, and protein metabolism 
in mammals [18].The high concentration of 
chromium cause liver kidney circulatory system 
effects [19].  In this paper, p-MMA and p-MOMA 
were prepared [20] and used for determination iron 
and chromium in pure form and applied in ground 
water; which is one of the most important sources  
of water in Egypt [21]. So these ions determined 
in wells; which are distributed in El-Beheira 
Governorate villages and previously studied [22-
24]. These determined by spectrophotometry 
[25-27] in comparison with atomic absorption 
measurements.  These indicators are tested 
against some kinds of bacteria, fungi and cancer 
cells as health applications to confirm their life 
importance.

Experimental                                                                          

Materials and methods of analyses
All chemicals used were of analytical reagent 

grade (AR) and of highest purity available. 
Ferric chloride (M.wt = 162.21 g mol-1) and 
chromium chloride (M.wt = 266.45 g mol-1) were 
purchased from Win lab. P-Anisidine, 98% was 
from Oxford. P-Toluidine, 99% crystalline and 
Maleic anhydride, 99% pellets were from Acros. 
Chromium and Iron as standards for Atomic 
Absorption from Fluke; whereas ethanol absolute 
from Sigma Aldrich. 

Preparation of the studied compounds
In the present work two novel N-maleanilinic 

acids derivatives namely (E) -4- ((4- methyl 
phenyl) amino)-4- oxobut-2-enoic acid (p-MMA) 
and (E) – 4- ((4-methoxy phenyl) amino)-4- 
oxobut-2-enoic acid (p-MOMA); were prepared 
by solvent free reaction between maleic anhydride 
and a p- methyl and p- methoxy aniline derivatives 
in a good yield[19].  The studied compounds have 
the following proposed structures (Fig. 1).

Fig. 1. The optimized structures of derivatives-maleanilinic acid with their numbering system.

Cytotoxicity studies and procedures 
Cytotoxicity studies and procedures are 

involved the following [28, 29].

Mammalian cell lines: MCF-7 cells (human 
breast cancer cell line), HepG-2 cells (human 
Hepatocellular carcinoma) and HCT-116 (colon 
carcinoma) were obtained from VACSERA Tissue 
Culture Unit. 

Chemicals Used: Dimethyl sulfoxide 
(DMSO), crystal violet and trypan blue dyes 
were purchased from Sigma St. Louis, Mo., 
USA. Fetal Bovine serum, DMEM, RPMI-1640, 
HEPES buffer solution, L-glutamine, gentamycin 
and 0.25% Trypsin-EDTA were purchased from 
Lonza. 

Crystal violet stain (1%): It composed of 

0.5g of crystal violet with 50 mL methanol; 
which dissolved then made up to volume 100 mL 
with double distilled H2O and filtered through a 
Whatmann No.1 filter paper. 

Cell line Propagation: The cells were 
propagated in Dulbecco’s modified Eagle’s 
medium (DMEM) supplemented with 10% heat-
inactivated fetal bovine serum, 1% L-glutamine, 
HEPES buffer and 50µg/mL gentamycin. All 
cells were maintained at 37ºC in a humidified 
atmosphere with 5% CO2 and were subcultured 
two times a week.

Instruments
The thermo spectronic Nicolet 

evolution300BB UV-Visible spectrophotometer 
was used for absorbance values measurements in 
the wavelength range 190 –900 nm.  
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Weights measurement was performed by using 
sensitive analytical balance of 0.0001g max 120 g 
d = 0.1mg, Shimadzu model.

Stirring and heating were performed by using 
magnetic stirrer made in Europe, hot plate (VELP-
made in UK).

The pH values were measured using pH 
meter, ORION Triode model 420A with Ag/AgCl 
internal reference system of thermistor for ATC, 
model 915BN. The instrument is calibrated using 
standard buffer solution, 4.00, 7.00 and 10.00 
before direct measurement. Micro-Accupipette, 
USA (100 – 1000) μL was used to measure the 
very small volumes, whereas glass pipettes (2, 5 
mL) were used to measure the large volumes. 

Solutions and procedures
Stock solutions 0.1 M of p-MMA and 

p-MOMA were prepared by dissolving 2.05 
and 2.21 g respectively in 15 mL ethanol; then 
completed to 100 mL in measuring flask.

Stock 0.1 M solutions of ferric chloride and 
chromium chloride were prepared by dissolving 
1.62 and 2.66 g in least amount of dilute HCl and 
bi-distilled water; then completed to 100 mL in 
measuring flask.

Series of universal buffer solutions covering 
the range of pH values from 2.00 to 11.05 were 
prepared as recommended by Britton [30]. 

Stoichiometric ratio
Continuous variation method (CVM) and 

molar ratio method (MRM) [31, 32] were applied 
to determine the suitable stoichiometric ratio 
reactants (indicators: analytes). In CVM, a series 
of solutions were prepared by adding different 
volumes of (iron and chromium) to different 
volumes of indicators so that the total number 
of moles was kept constant. In case of p-MMA 
1 – 8 mL of 0.1M were added to 8-1 mL of 0.1 
M analytes and the volume was completed to 10 
mL with buffer solution. The spectrophotometric 
measurements of these solutions were recorded 
at 522 nm, time = 5 min, pH = 4.72 and 70 ± 1 
°C. In case of p-MOMA the same additions were 
done and the spectrophotometric measurements 
of these solutions were recorded at 530 nm, time 
= 15 min, pH = 6.75 and 60oC.  In MRM; to 4 mL 
of 0.1 M p-MMA or p-MOMA solutions, 0.5 – 6 
mL of 0.1 M of iron (III) or Cr (III) were added 
and 1 mL buffer solution then completed to 10 mL 
distilled water. The spectra of these mixtures were 
measured at 522 nm, time = 5 min, pH = 4.72 and 

70 ± 1 °C for p-MMA; and for p-MOMA at 530 
nm, time = 15 min, pH = 6.75 and 60oC.

Calibration curve   
The calibration curves were constructed by 

adding variable amounts of iron and chromium 
analytes (0.5-4.0 mL of 0.1 M) to constant 
concentration of 4 mL of 0.1 M p-MMA or 
p-MOMA and the volume of each mixture was 
completed in a measuring flask to 10 mL. The 
absorbance values of mixtures obtained were 
measured under the selected proper conditions. 
Analytical parameters determined for the 
microdetermination of Fe (III) and Cr (III) 
included molar absorptivity (ε), Sandell sensitivity 
(S.S), standard and relative standard deviations 
(SD and RSD), limit of detection (LOD), limit 
of quantification (LOQ) and recovery % for 
indicators. 

Study of interferences
To determine the selectivity of the applied 

procedures, the solutions of cations under test 
containing Cr (VI) and Fe (II) were prepared 
( 4.0 mL of 0.1 M) of Fe (III) and Cr (III)  ) to 
constant concentration of 4 mL of 0.1 M p-MMA 
or p-MOMA and (1.0 mL of 0.1 M) of  Cr (VI) 
and Fe (II). The volume of each mixture was 
completed in a measuring flask to 10 mL. Then 
these are analyzed under proper conditions.  

Collected water samples and its locations
The analyzed water samples were collected 

from groundwater wells from some villages in 
Kom Hamada City in the El-Beheira Governorate. 
The geographical location of Al- Beheira 
governorate is given in Fig. 2.

The wells locations are mentioned in Table 1. 

The collection of valid samples is the vital 
first step [33]. In this process water samples were 
collected in polyethylene bottles. Firstly, the 
bottles were soaked in nitric acid solution for 24 
hours and kept at room temperature. These were 
rinsed three times with deionized water; then 
water samples were preserved and transported 
to the laboratory in ice boxes. Water samples 
were acidified with nitric acid solution (pH < 2) 
and stored in a refrigerator. Filtration to remove 
suspended materials; which could dissolve when 
acid, is added. Sampling should be done with the 
same care as the analysis in order for the data to 
be meaningful, sampling must carried out with 
a clear  purpose and with understanding of the 
problem and the physical condition that exist. 
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Fig. 2.  The geographical location of Al- Beheira governorate.

TABLE 1. Samples locations and its description.

Well number Name of location Wells Description

1 Village of Mughneen From well (2)

2 Village of El-Hadain From well (1)

3 Village of El-Toud From well (2)

4 Village of Kherbita From well (1)

5 Village of Zawiat Albahar From well (2)

6 Village of Ntma From well (1)

7 Village of Zawiat Albahar From well (1)

8 Village of El-Toud From well (1)

9 Village of Mughneen From well (3)

Samples were being filtered using filtration system 
through 0.45µm-pore-diameter filter paper; then 
analyzed for iron and chromium using atomic 
absorption spectrophotometer, model AA.6300 
SHIMADZU with an air-acetylene flame. The 
operating conditions of instrument are presented 
in Table 2.

Application of suggested procedures to analysis 
of wells water samples

For determination of Fe (III) in 4 mL of wells 
water samples; 4 mL of 0.1 p-MMA or p-MOMA 
indicator were added followed by 1 mL buffer 
solution then completed to 10 mL distilled 

water. These samples were measured at proper 
conditions by spectrophotometric and by atomic 
absorption.  The chromium analysis in wells 
water samples; due the low concentration of Cr 
(III) in these samples; 1-5 mL standard chromium 
of 0.1 M were added  and followed by 4 mL of 0.1 
M p-MMA or p-MOMA indicators and followed 
by 1 mL buffer solution then completed to 10 mL 
distilled water. These samples were measured 
at proper conditions by spectrophotometric and 
by atomic absorption.  These water samples 
were also checked for iron (III) and chromium 
(III) cations by measurement of their contents 
using atomic absorption techniques under proper 
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selected conditions (Table 2).

In both spectrophotometric analyses and 
atomic absorption measurements; four samples 
replicates were used to check accuracy of the 
applied procedures.

Biological activity studies
In Microanalytical center at Cairo University; 

the antimicrobial activities of tested compounds 
were determined by means of a modified Kirby-
Bauer disc diffusion method [34] under standard 
conditions using Mueller-Hinton agar medium 

(tested for composition and pH), as described by 
NCCLS [35]. Plates inoculated with filamentous 
fungi as Aspergillus flavus at 25oC for 48 hours; 
Gram (+) bacteria as Staphylococcus aureus, 
Bacillus subtilis; Gram (-) bacteria as Escherichia 
coli, Pseudomonas aeuroginosa they were 
incubated at 35-37oC for 24-48 hours and yeast 
as Candida albicans incubated at 30oC for 24-48 
hours and, then the diameters of the inhibition 
zones were measured in millimeter [36].

In present work, the test for p-MMA or 

TABLE 2. Atomic Absorption Instrumental Conditions.

Element
Wave length 

(nm)
Slit width 

(nm)
Lighting 

mode
Flame Standards (mg/L)

Fe 248.3 0.2 BGC-D2 Air-actylene 0.5,1.0,2.0

Cr 357.9 0.5 BGC-D2 Air-actylene 0.5,1.0,2.0

p-MOMA was done using the diffusion agar 
technique. Spore suspension (0.5 mL, 10-6 -10-7 
spore mL-1)  of each of the investigated organism 
was added to a sterile agar medium just before 
solidification, then poured into sterile Petri dishes 
(9 cm in diameter) and left to solidify. Using 
sterile cork borer (6 mm in diameter), three holes 
(wells) were made into each dish, and then 0.1 
mL of the test compound dissolved in DMF (100 
mg mL-1) was poured into these holes. The dishes 
were incubated at 37 °C for 48 h where clear or 
inhibition zones were detected round each hole. 
DMF (0.1 mL) was used as control under the 
same conditions. By subtracting the diameter 
of the inhibition zone resulting with DMF from 
that obtained from each indicator, antibacterial 
activities were calculated [37]. 

Cytotoxicity studies
Cytotoxicity evaluation using viability assay: 

The cells were seeded in 96-well plate at a cell 
concentration of 1×104 cells per well in 100 µL 
of growth medium. Fresh medium containing 
different concentrations of the test sample was 
added after 24 h of seeding. Serial two-fold 
dilutions of the tested chemical compound were 
added to confluent cell monolayers dispensed 
into 96-well, flat-bottomed microliter plates 
Falcon, NJ, USA using a multichannel pipette. 
The microtiter plates were incubated at 37ºC in a 
humidified incubator with 5% CO2 for a period of 
48 h. Three wells were used for each concentration 
of the test sample. Control cells were incubated 

without test sample and with or without DMSO. 
The little percentage of DMSO present in the 
wells (maximal 0.1%) was found not to affect 
the experiment. After incubation of the cells for 
at 37°C, various concentrations of sample were 
added, and the incubation was continued for 24 
h and viable cells yield was determined by a 
colorimetric method. 

In brief, after the end of the incubation period, 
media were aspirated and the crystal violet 
solution (1%) was added to each well for at least 
30 minutes. The stain was removed and the plates 
were rinsed using tap water until all excess stain 
is removed. Glacial acetic acid (30%) was then 
added to all wells and mixed thoroughly, and then 
the absorbance of the plates was measured after 
gently shaken on Microplate reader TECAN, Inc., 
using a test wavelength of 490 nm. All results were 
corrected for background absorbance detected in 
wells without added stain. Treated samples were 
compared with the cell control in the absence 
of the tested compounds. All experiments were 
carried out in triplicate. The cell cytotoxic effect 
of each tested compound was calculated. The 
optical density was measured with the microplate 
reader Sun Rise, TECAN, Inc, USA to determine 
the number of viable cells and the percentage of 
viability was calculated as [(ODt/ODc)] x 100 %; 
where ODt is the mean optical density of wells 
treated with the tested sample and ODc is the mean 
optical density of untreated cells. The relation 
between surviving cells and drug concentration is 
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plotted to get the survival curve of each tumor cell 
line after treatment with the specified compound. 
The 50% inhibitory concentration (IC50), the 
concentration required to cause toxic effects in 
50% of intact cells, was estimated from graphic 
plots of the dose response curve for each conc. 
using Graphpad Prism software San Diego, CA. 
USA.

Results and Discussion                                                       

Spectrophotometric study of reaction between 
Fe (III) and Cr (III) and p-MMA and p-MOMA 
analytes

The spectra of the reaction product between Fe 
(III) and p-MMA or p-MOMA in aqueous medium 
gives red color; whereas the spectra of the reaction 
of Cr (III) with the same indicators gives dark green 

color under proper conditions of temperature, time 
and pH. These products in solutions are scanned 
in the wavelength range 190 - 900 nm and the 
obtained results are given in Fig. 3.

The spectra in Fig. 3 refer to maximum 
absorption at wavelengths of 522, 530, 573 and 
405 nm for Fe and Cr with p-MMA and p-MOMA 
respectively; with molar absorptivity values of ε = 
0.71 X102, 1.75 X102, 0.25 X 102 and 0.90 X 102 
L mol-1 cm-1. The reaction products are found to 
be stable for at least 24 hours; pH = 2 and 3 for 
Cr and Fe respectively and at temperature 70oC. 
Hence, these parameters were used as optimum 
conditions of the microdetermination of Fe (III) 
and Cr (III) cations in wells water samples.

Fig.  3. UV spectrum of reaction product between 5X10-3M Fe (III) and 4X10-2M Cr (III) with indicators at temp. 
70oC: a- Fe with p-MMA, p-MOMA; b-Cr with p-MMA, p-MOMA.

Stoichiometry between indicators and Fe (III) and 
Cr (III) cations

The continuous variation and molar ratio 
methods [31,32] are used to check the ratio between 
Fe(III) and Cr(III) with different indicators in 
order to select the optimum conditions for their 
micro-determination in pure and/ or in water 
samples. The results of these studies are presented 
in Fig. 4 and 5.

These results indicate that the reaction takes 
place in the ratio 1:1 for Fe (III): indicators and 
2:1  for Cr (III): indicators.  

Validity of Beer’s Law
The calibration curves of Fe (III) and Cr (III) 

by using p-MMA or p-MOMA was constructed 
at 522, 530, 576 and 405 nm respectively, under 
optimum conditions, λmax, stoichiometric, pH 
(acidic medium), temperature and time. So Beer’s 
Law is obeyed in the concentration range of 
81.10-648.84, 519.50-2337.75, 519.50-3117.00 

and 81.11-648.84 μg mL-1 respectively. Above 
this limit, negative deviation was observed. The 
correlation coefficient value was found to be 
0.9923, 0.9993, 0.9903 and 0.9987 for the study 
reaction between Fe (III), Cr (III) and p-MMA or 
p-MOMA indicator respectively. Therefore, these 
data studied to obtain the analytical parameters 
of the studied reactions between Fe (III), Cr (III) 
and p-MMA or p-MOMA indicator respectively; 
which are summarized in Table 3.

The low values of the calculated standard 
deviation (SD) and relative standard deviation 
(RSD %); indicate the high accuracy and precision 
of the proposed method. This is supported also 
by the calculated values of Sandell sensitivity; 
which indicates the high sensitivity of the 
proposed methods. Finally it is concluded that, the 
spectrophotometric methods can be successfully 
applied by using indicators for the determination 
of Fe (III) and Cr (III) in pure and/ or in wells 
water samples, with high accuracy, precision and 
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Fig. 5. Calibration curve of 4X10-2 M indicators with variable [Fe (III) a, b and Cr (III) c, d] X10-2 M under 
optimum conditions.

sensitivity, as indicated by the values of SD and 
RSD%. 

Intraday precision
In order to prove the validity and applicability 

of the proposed methods and the reproducibility 
of the obtained results, four replicate experiments 
at four concentrations of Fe (III) and Cr (III)–
indicator reaction product were carried out. The 

spectrophotometric measurements were recorded 
during Beer’s Law is obeyed in the concentration 
range of 81.10-648.84, 519.50-2337.75, 519.50-
3117.00 and 81.11-648.84 μg mL-1 respectively. 
These data; which obtained of Intraday precision 
are represented in Tables 4 and 5.

The low values of the calculated standard and 
relative standard deviation, indicates the high 

Fig. 4. Stoichiometric ratio of the reaction of Fe (III) and Cr (III) with indicators by molar ratio and continuous 
variation under optimum conditions. 
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TABLE 3.  Analytical parameters for spectrophotometric determination of Fe (III) and Cr (III) by using indicators.

Parameters p- MMA Indicator p-MOMA Indicator

Reagent Fe (III) Cr(III) Cr(III) Fe (III)

Temperature (0 C) 70 o C 70 o C 70 o C 70 o C
pH 4.72 3.24 2 6.75
λ max(nm) 522 573 405 530
Beer’s law (µg/ mL) 81.10 – 648.84 519.5-2337.75 519.5-3117.0 81.105 – 648.84
LOQ (µg/mL) 9.4 X 10-3 3.3 X10-3 0.2 X10-3 1.3 X 10-4

LOD (µg/mL) 1.4 X 10-3 1.1 X10-3 0.0066 0.18 X 10-4

R2 0.9923 0.9993 0.9903 0.9987

Regression equation Y = 0.0449 X -0.0162 Y = 0.0003X-0.0088 Y = 0.0005 X +1.0717 Y = 0.1252X + 0.007

Molar absorptivity L 
mol-1 cm-1

0.44 X 102 0.25 X102 0.90 X102 1.25 x 102

SD
(0.22 - 0.47) (0.9-1.0) (0.9-1.5) (0.44 – 1.06)

RSD %
( 0.03 – 0.69) (0.04 – 0.05 ) ( 0.04 – 0.17) ( 0.11 – 1.24)

Sandle Sensitivity µg 
cm -2

1.19x 10-5 6.5 X10-5 2.2 X10-5 7.7x 10-3

Recovery % 98.36 – 101.82 99.03 – 100.61 101.23 – 104.56 99.43 – 102.14

TABLE 4. Within day spectrophotometric micro-determination of Fe (III) by using indicators.

[wt] taken(µg mL-1) [wt] found (µg mL-1)±SD Recovery %

p-MMA 
(p-MOMA)

SDa

p-MMA 
(p-MOMA)

RSD (%)a

p-MMA 
(p-MOMA)p-MMA p-MOMA p-MMA p-MOMA

486.63 291.978 493.75±0.875 289.27±0.047
101.55-101.64
(99.08-99.08)

0.875
(0.047)

0.177
(0.016)

567.735 324.42 584.63±0.625 319.27±0.141
102.92-103.08
(98.41-98.46)

0.625
(0.141)

0.107
(0.044)

616.398 405.525 626.50±1.25 405.87±0.094
101.54-101.80

(100.08-100.11)
1.25

(0.094)
0.199

(0.023)

648.84 454.188 660.38±0.563 447.20±0.189
101.73-101.80
(98.46-98.50)

0.563
(0.189)

0.085
(0.042)

aMean values for four replicates.

accuracy and precision of the proposed methods.

Study of interferences
The effect of interference of extraneous 

cations such as Cr (VI) and Fe (II) on the 
accuracy of the proposed procedures applied for 
microdetermination of Fe (III) and Cr (III) in 
water samples had been estimated. To determine 
the selectivity of the applied procedures, the 
solutions of cations under test containing Cr 

(VI) and Fe (II) were prepared and analyzed 
under proper conditions. The obtained results are 
graphically represented in Fig. 6. 

Evidently, Fe (II) and Cr (VI) extraneous 
cations; have the lowest influence on the 
absorbance of Cr (III) and Fe (III) (Fig. 6). These 
results indicate that; Fe (II) and Cr (VI) did not 
interfere with the microdetermination of Cr (III) 
and Fe (III) by spectrophotometric. These results 
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Fig. 6. Effect of the extraneous cations M = Cr (VI) and Fe (II) ions on the analytical signal of a- Fe (III) and b-Cr 
(III) respectively (test cation: extraneous cation M = 1:10).

clearly indicate the high level of selectivity of 
spectrophotometric procedures using p-MMA and 
p-MOMA indicators, and no masking reagents are 
required for the successful determination of Cr 
(III) and Fe (III) in water samples.

Stability of the color reaction
The absorbance values of Fe (III)- and Cr 

(III)- indicator reaction are noted at different 
intervals of time at 522, 530, 573 and 405 nm 
respectively. It is observed that, the absorbance 
remained constant up to 24 hours. Therefore, the 
color of reaction is stable for at least 24 hours. 

Application of the proposed methods to analysis 
of iron (III) and chromium (III) in water

The developed methods were successfully 
applied to determine the amount of Fe (III) and Cr 
(III) in wells water samples. The results obtained 
are shown in Table 6.

 These data show that, the proposed 

spectrophotometric methods are successfully 
applied for the determined Fe (III) and Cr (III) 
in wells water samples; which confirmed by 
high correlation with data obtained by atomic 
absorption spectrometry. The law concentration 
values of Fe (III) and Cr (III) in wells water samples 
detected by both proposed spectrophotometric 
methods and confirmed by atomic spectrometry; 
refer to the promising possibility of using these 
underground water wells as potable water sources 
in villages (Table 1). Therefore; these wells can 
be used as alternative sources to the River Nile for 
preparing potable water in these villages. 

Biological activity
The biological activities of p-MMA and 

p-MOM were determined using a modified Kirby-
Bauer disc diffusion method[34,38]; which were 
towards two types of bacteria (Escherichia coli 
(G-) and Staphylococcus aureus (G+)) and two 
types of fungus (Aspergillus flavus and Candida 

TABLE 5. Within day spectrophotometric micro-determination of Cr (III) by using indicators.

[wt] taken(µg mL-1) [wt] found (µg mL-1)±SD Recovery %

p-MMA 
(p-MOMA)

SDa

p-MMA 
(p-MOMA)

RSD (%)a

p-MMA 
(p-MOMA)p-MMA p-MOMA p-MMA p-MOMA

1558.50 519.50 1560.07 ± 0.9 517 ± 0.9
100.1

(99.51)

0.900

(0.900)

0.058

(0.174)

1818.25 1558.50 1849.67 ± 1.0 1558 ± 1.1
101.73

(99.88)

1.00

(1.100)

0.054

(0.070)

2078 3117.00 2040.27 ± 1.1 3117 ± 1.5
98.18

(100.0)

1.100

(1.500)

0.053

(0.048)

2337.75 2314.93 ± 1.0 99.02 1.00 0.043
aMean values for four replicates.
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Well 
number

Proposed spectrophotometric methods using indicators 
(µg mL-1)

(Atomic Absorption method)
(µg mL-1)

p-MMA p-MOMA
Fe (III) Cr (III)

Fe (III) Cr (III) Fe (III) Cr (III)
1 170.40 156.07 170.20 156.02 170.30 156.06

2 130.84 184.67 130.83 183.42 129.81 184.42

3 200.40 204.27 200.57 204.03 199.87 204.08

4 130.40 231.93 130.41 230.22 129.12 231.89

5 130.20 284.25 130.21 285.25 130.05 285.73

6 100.00 ------- 100.00 ------- 99.51 ------

7 120.20 ------- 120.21 ------- 120.22 ------

8 ------- ------- ------ ------- 0 ------

9 240.80 ------- 240.81 ------- 240.94 ------

TABLE 6. Comparison between spectrophotometric and atomic absorption used for microdetermination of Fe 
(III) and Cr (III) in  wells water samples.

Fig. 7. Antibacterial activities of p-MMA and p-MOMA against (1) pseudomonas aeruginosa (G-), (2) staphylococcus 
aureus (G+), (3) Aspergillus flavus (fungus) and (4) Candida albicans (fungus).

albicans). Both the antibacterial and antifungal 
activities were evaluated by measuring the 
inhibition zone (mm/mg sample). The results are 
presented in Fig. 7.

Aspergillus flavus (fungus) and (4) Candida 
albicans (fungus)

 These results indicate that, p-MMA and 
p-MOMA derivatives possess great biological 
activities towards different kinds of bacteria 
except Aspergillus flavus (fungus). These 
compounds showed moderate to weak activity 
against fungus, but they have high effects for (G+) 

and (G-) because of structure of these indicators 
containing benzene ring of biologically active 
substituents like CH3 and OCH3. Therefore; these 
compounds can be used as chemical probes of 
protein structure [36], as a protective and curative 
fungicide [39] and in polymer chemistry as 
photoinitiators for free-radical polymerization and 
monomers in polymaleimides or their copolymers 
synthesis [40, 41].

Cytotoxicity
Assessment of growth inhibitory effect of 

p-MMA and p-MOMA on HCT-116 cell, MCF-7 
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Fig. 8. The effect of p-MMA and p-MOMA on: HCT-116 cell, MCF-7 cell and HepG-2 cell.

cell and HepG-2 cell; in the order of increasing 
dosages of p-MMA and p-MOMA extract are 
disruptive against Colon carcinoma cells, Breast 
carcinoma and Hepatocellular carcinoma. The 
obtained results are depicted in Fig. 8.

From these results it is clear that:

1- The inhibitory activities of p-MMA and 
p-MOMA with IC50 values under these 
experimental conditions against Breast 
carcinoma cells are detected at 51.3 and 81 µg 
/ mL respectively. 

2- Against Hepatocellular carcinoma cells the 
inhibitory values are detected at 14.7 and 44.7 
µg / mL respectively; 

3- Also against colon carcinoma cells the 
inhibitory values are detected at 31 and 54.9 
µg / mL respectively. 

4- Therefore; p-MMA and p-MOMA are 
highly effective against Hepatocellular 
carcinoma cells > colon carcinoma cells ˃ 
Breast carcinoma cells. It is now recognized, 
that cancer cells over expression promotes 
tumorigenic functions; which can be 
suppressed by p-MMA and p-MOMA 
inhibitors

Conclusions                                                                      

Spectral wells water samples analyses
a. These indicators have always been of great 

interest; because of their importance and 
biological activities and method for their 
preparation is simple, clean, economic and 
nearly quantative or high yield. 

b. Spectrophotometric methods are proposed 
to determine iron (III) and Cr (III) using 
maleanilinic acid derivatives as indicators 

to these cations in spiked wells underground 
water samples. 

c. The proposed methods are free from common 
interferences of other extraneous heavy metal 
cations (Cr (VI) and Fe (II)). These methods 
are very simple to operate and cost-effective. 
The accuracy and precision of the methods are 
tested and agreed well with atomic absorption 
spectroscopy level. 

d. These methods can be used as standard method 
for determining iron (III) and chromium (III) 
in any environmental samples. 

Anti-Bacterial and Anti-fungi Activity
 The obtained results indicate that, the studied 

the n-substituted maleanilic acids possess a great 
biological activity towards different kinds of 
bacteria except Aspergillus flavus (fungus).

Cytotoxicity  
The results obtained of cytotoxicity studies 

indicate that:

1- Inhibitory activity of p-MMA against Breast 
carcinoma cells was detected under the 
experimental conditions and found to be IC50 
= 51.3µg/mL < against Colon carcinoma cells 
and found to be in the order IC50 =   31 µg/
mL < against Hepatocellular carcinoma cells 
and found to be IC50 = 14.7 µg/mL. 

2- Inhibitory activity of p-MOMA against Breast 
carcinoma cells was detected under these 
experimental conditions and found to be in 
the order IC50 =   81 µg/mL < against colon 
carcinoma and found to be in the order IC50 
= 54.9 µg/mL < Inhibitory activity against 
Hepatocellular carcinoma and found to be 
IC50 = 44.7 µg/mL.
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3- Therefore; p-MMA and p-MOMA are highly 
effective against cancer cells in the following 
order: Hepatocellular carcinoma cells> colon 
carcinoma cells ˃ Breast carcinoma cells.
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استخدام مشتقات حمض المالينيلك لتحليل عينات مياه الآبار الأقليمية ودراسات بيئية باستخدام 
طريقة القياس الطيفى الأشعة فوق البنفسجية والمرئية والأمتصاص الذرى

محمد عبد الجواد زايد1 و عزة عوض العدلى2
1قسم الكيمياء ‒ كلية العلوم ‒ جامعة القاهرة ‒ شارع الجامعة ‒ الرقم البريدى21621 - الجيزة - مصر.

2مركز التميز العلمي والتكنولوجي- وزارة الأنتاج الحربي - مدينة السلام – القاهرة - مصر.

أستخدام طريقة القياس الطيفى باستخدام الأشعة فوق البنفسجية والمرئية مع بعض الكاتيونات وذلك فى الظروف 
المثالية المناسبة مثل الطول الموجي والوقت ودرجة الحرارة، ودرجة الحموضة، ونسب التفاعلات وقانون بير 
لامبرت. كما تم القياس الطيفى للحديد الثلاثى والكروم الثلاثى في عينات نقية و / أو بيئية. كما تم تطبيق هذه 
المؤشرات المختارة بنجاح لتحليل Fe (III) و Cr (III) في عينات المياه التي تم جمعها من الآبار الإقليمية في 
محافظة البحيرة. كما تم مقارنة النتائج التي تم الحصول عليها مع نتائج قياس تلك العناصر عن طريق الامتصاص 
الذري لهذه الكاتيونات في عينات  نفس الآبار، والتي اشارت إلى وجود علاقة كبيرة بين التقنيتين. كما تم دراسة 
النشاط البيولوجى للمشتقات المحضرة مع بعض أنواع البكتيريا والفطريات والخلايا السرطانية. وأظهرت تلك 
المواد نشاطاً بيولوجياً عالياً ضد أنواع مختلفة من البكتيريا والخلايا السرطانية مثل  الخلايا السرطانية الكبدي> 

   p-MMA > p-MOMAخلايا سرطان الثدي> خلايا سرطان القولون. التي أمكن قمعها بواسطة


