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ABSTRACT

Copper is an essential micronutrient for human bodies. The accurate data in the distribution
and the concentrations of Cu (IlI) in milk, blood and different organs and tissues is not
thoroughly explained yet. Further issues which need clarification are the exact composition
and constitution throughout the lactation is important. Breast milk contains the entire essential
nutrients needed by neonates for growth development and maintaining of healthy condition.
The physiological impacts of copper and copper enzymes are biomarkers in maintaining the
sickness and health. Researches continue in an attempt to develop analytical method for the
determination of copper in milk, blood and in drinking water, these discussions justify the
purpose of our research related to studying the trace element Copper. In the paper a selective
reagent {5M, 3H-B R} 5-{a Methyl -3 Hydroxy Benzylidene} rodanine was suggested for the
development of simple and sensitive direct and derivative spectrophotometric method to the
quantification of copper. In sodium acetate and acetic acid buffer at P™ 5.5. The maximum
absorbance was measured at 430nm. The Beer’s law is obeyed in the range of (0.05ug -
13ug/ml). The molar absorptive (¢) and the Sandal's sensitivity of the complex were
0.6027X10* mole/cm and 0.01054ugcm'2 respectively. The breast milk obtained from ten
lacting mothers not using any hormonal contraceptive devises aged 19to26 years in Nellore
town collected and analyzed similarly cow milk,buffeloe’s milk, blood samples, water samples
were analyzed and an analytical concentration was made by comparing with WHO
parameters.

Keywords: Milk, Breast milk, Blood, 5M-3H-BR, UV&Visible Spectrophotometry.

INTRODUCTION

The maintainens of optimal health requires an
adequate supply of carbohydrates, proteins,
lipids micronutrients and trace elements. Many
trace elements play an essential role in the
number of biological process through their
action as activators or inhibitors of enzymatic
reactionst-2, Copper is both vital and toxic for
many biological systems by influencing the
physiological functions and the interactions
with other micronutrients 3-13In this respect the
exact composition structure of copper
compounds generated in the organism is not
fully established4-22, Several studies23-24shows
the increasing copper levels of blood serum in
malignant patients, remission is usually
associated with the return of copper levels to
normal ranges. Serum copper is suggested as a
useful index for the extent of leukemia and
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malignant lymphoma, and may predict response
to chemotherapy further the blood serum
copper, zinc ratio is useful parameter for
estimating the presence of and prognosis of
malignant tumors25-27, So the determination of
trace amounts of copper (I1) in different samples
is important for life and pollution. Hence the
trace elements assay in biological fluids can be
used as diagnostic or prognostic aid in patients
with different hormonal disturbances alongside
with other biochemical parameters.

Hitherto there are several methods depending
on the colour reaction with spectrophotometric
reagents, for the quantification of copper (I) in
blood serum2s8-31 water samples32-42, and milk
samples.43-44  However in the present
investigation highly selective chromogenic agent
5M3HBR was proposed for the determination of
copper in blood serum, water samples and milk
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samples. Availing the conditions developed in
our earlier communication.4s

Preparation of solutions
All the chemicals were of AnalaR grades from
Fisher scientific Qualigens (INDIA)

Cu (1) - Solution: stock standard Cu (Il)
solution was prepared by dissolving 0.3929gms
of Cu(ll)sulphate pentahydrte in double
distilled water containing 1000ug/ml. The
solution was standardized titrimetrically by
Idometry. The working standard solutions were
prepared by suitable dilution of the stock
solution.

Buffer solutions: Buffer solutions were
prepared by employing 0.1M acetic acid and
0.1M sodium acetate in the pHrange 3-10. Borate
buffers are also prepared in the pH range 3-12
from 1M Boric acid adjusting with 1Msodium
hydroxid

Reagent solution: The reagent stock
solution(0.1M) was prepared by dissolving
1.255 gms of [5M,3H,BR] in DMF or methanol.
This was diluted to the required concentration
using 40% DMF.

Instruments used
Elico’s Microprocessor based double Beam UV -

Visible spectrophotometer SL.210.Equipped
with 1lcm Quartz cells were used for
spectrophotometric measurements. The pH

measurements are made with Elico digital pH
meter L.l 127 model.

Preparation of calibration plot

The quantification of copper in different
samples is ensured evaluating the calibration
plots. In different ranges obeying the Beer’s law
(0.05-13ug) using the standard solution of
Cu(l1)SO4, consisting 1 pg/ml, 10 pg/ml, 100
pg/mil.

In each case different volumes ranging from 1-
10ml are taken in comparison tubes, along with
the 5ml buffer of pH 5.5 followed by the 4ml
reagent (1.6x10-3M) solution, and finally diluted
to 20ml. The absorbance of an aliquots sample
(3.5ml) was measured. For the same solution
the amplitude values are noted by examining the
derivative spectras.

The molar absorptivity of the complex is
0.6027x104 mol-icm. The sandell’s sensitivity
of the method was found to be 0.01054 pg cm2,
the standard deviation, correlation coefficient
and other statistic parameters of the method are
evaluated to ten replicate
determinations.(Table.1&2)Fig.1.
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Analysis of water samples

Water samples (Pinakini River and well water)
collected in and around Nellore, AP
(.India.)150ml of the sample were kept at 0°-
50c in metal free polyethylene bottles then
filtered through what man No.42 filter paper
and diluted to 250ml with double distilled
water. Determinations are made in ten
replicates at pH5.5.(Table.3)

Analysis of milk samples

The Milk samples of Cow, Buffalo and mother’s
breast are collected.100ml of the sample is
ignited by adding drop wise to a heated crucible
without frothing, then heated strongly to 450-
5000c for 1hr after the moisture has been
removed. We took utmost care to avoid loss by
sputtering. The ash was dissolved in the
minimum of dilute 1:1 Nitric acid and
evaporated, the process was repeated for thrice
finely by adding dilute hydrochloric acid to
dried mass filtered and the filtrate was diluted
to 100ml.2ml aliquots of the solution is used for
determination at pH5.5. (Table.4.)

Analysis of blood samples

10 samples of blood (5ml) were drawn from the
people of Nellore of different age groups with
the help of J. B. Hospitals clinical laboratory.
The samples are centrifuged for 10 minutes with
3000 RPM, the blood serum separated is
deprotanised by adding a drop of 20% TCA (Tri
Chloro Acetic acid) then 3ml of the serum was
taken for the quantification of Cu(ll) as
described in the procedure. The results are
summarized in the table (5).

RESULTS AND DISCUSSION

The  proposed direct and  derivative
spectrophotometric method were employed for
the determination of Cu(11) in different samples
such as natural water, biological samples, . The
results are summarized in the table 4, 5&6 The
WHO provisional guideline value of 2000ug/lit
(2pg/ml) of copper in drinking water could

produce an adverse reaction46This is
computable with the United states drinking
water  action level of 1300pg/ml

(1.3pg/mb)47In the present method it was
found the copper content in the drinking water
is less than 0.1pg/ml (0.1mg/lit) which is in
good agreement with the reported value48So it
is suggestive at least 8lit.of water to intake per
day by ostensibly healthy individuals, which do
not produce clinical symptoms of copper
toxicity. It is in good agreement with the
probable values suggested from the clinical and
biochemical data 0.6-0.7mg per day for either
sex.49
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In the present method, the content of copper in
human breast milk was found to be 428-
567ug/lit. It is in good coincidence with
WHO/IAEA collaborative studies report on
miner and trace elementss0.This content
provides 50ug/kg of infant body weight per
Day.Futher no clinical problems were associated
in infants receiving breast milk alone51.So it was
suggested to mother’'s in India to feed the
infants only with breast milk up to 3years age.

In the present method, the content of copper in
buffalo’s milk and Cow’s milk were found to be
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1065-1216pg/lit, 1230-1318ug/lit respectively.
The infants not given breast milk, fed with
buffalo’s milk and cow’s milk may have to been
increased the bioavailability of copper and is
associated with the acute phase reactions of
number of diseased states, is always almost
accompanied by Hypercaeruloplasminaemia.52
The content of copper determined in blood
serum of healthy people of different age groups
are found to be 1.13-1.5 pg/ml which are in
good coincidence with the values reported in
WHO measurements.53-54

Table 1: Performance data for the calibration of proposed method

Conc. Least square Correlation Standard Amount determined

range a coefficient Slope Intercept deviatio | RSD% | REP % . |
(ug/ml) equation ) n inten samples

0.4010,0.3997,0.4022

0.05- _ 0.2991 ,0.4012,0.4020,0.401

05 A=-0.0020+2.3980C 1.000 2.3980 -0.0020 0.000769 | 0.1917 2.0.4018,0.4014,0.40
12,0.4024

4.1625,4.1091,4.0275

— ,4.1525,4.1592,4.076

0.5-5 A=-0.0364+0.2466C 1.000 0.2466 -0.0364 0.0505 12241 | 2.6839 141475 4.1855.4.15
72,4.0761

7.4550,7.4469,7.4470

_ ,7.4481,7.4500,7.447

5-13 A=0.6475+0.1053C 0.9869 0.1053 0.6475 0.005957 | 0.0799 | 02014 0.7.4620.7.4475.7.44
51,7.4598,

Table 2: Calibration Data For Derivative Spectrophotometry

Linear range(ug/ml) Calibration Equation Ien\é\iﬁ\éﬁm) Correlation coefficient
First-DerivativeSpectrophotometry
0A/0r= -0.0292+0.5640C 405 0.9985
005-05 Second-derivativeSpectrophotometry
' ' 02A/d)2=0.0089+0.0440c 430 1.0033
Third-derivative Spectrophotometry
93A/9).3 =-0.000124+0.00446¢ 435-460 0.9989
First-DerivativeSpectrophotometry dA/dA
=-0.0431+0.0588¢c 405 0.9973
05-5 Second-derivativeSpectrophotometry
' 02A/d)2 =- 0.000526+0.001207¢ 430 0.9980
Third-derivativeSpectrophotometry
93A/d)3 =- 0.000116+0.0002656¢ 435-460 1.000
First-DerivativeSpectrophotometry dA/dA
=-0.0641+0.0534c 405 1.0032
5-13 Second-derivative Spectrophotometry
02A/d)2 =- 0.008788+0.002201c 430 0.9887
Third-derivative Spectrophotometry
93A/d)3 =- 0.00223+0.00087¢ 435-460 0.9907
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Table 3: Direct spectrophotometric determination
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Amount of *Amount of
Copper Spiked copper found Recovery RMSEP RSD t-test
Sample % %
pg/mli pg/mli
Tap water - 0.0086 - 0.00033 9.696 3.820 3.3681
1.066 1.05+0.02 97.7 0.0479 4,186 4562 0.8648
1.3351 1.333+0.01 99.26 0.0101 0.757 0.7827
Pinakiniwater - 0.2408 - 0.0182 3.872 7.558 1.2336
0.76 0.982+0.03 97.9 0.0109 2.046 0111 1.3054
0.824 1.051+0.05 98.67 0.0283 5783 | 0.2963 1.4637
Derivative spectrophotometric determination
Tap water - 0.0086 - 0.00033 9.696 3.820 3.3681
1st Derivative 1.037 1.04+0.01 994 0.0778 9.556 7.487 0.8454
1.60 1.59+0.04 98.8 0.0283 5720 1.780 57992
2nd Derivative 0.896 0.87+0.06 96.5 0.0424 2.607 4857 1.3424
1.635 1.63+0.03 99.4 0.0264 3.400 0.162 3.6413
3rd Derivative 1.102 1.086+0.001 97.8 0.0470 9410 4328 15676
0.792 0.781+0.07 97.5 0.00712 2.929 0.913 0.9763
Pinakiniwater 15t Derivative - 0.2408 - 0.0182 3.872 7.558 1.2336
0.781 1.022+0.03 99.9 0.0412 3.359 4,040 21183
ond Derivative 1.16 1.384+0.05 99.1 0.0800 5618 5.780 05217
0.744 0.96+0.02 97.3 0.0149 0.524 1.555 1.2203
3rd Derivative 1.18 1.39+0.003 97.9 0.0409 3.629 2940 1.2370
0.93 1.16+0.01 98.9 0 0 0
1.7478 1.96+0.003 98.5 0.1914 3.826 9.770 1.2291
Table 4. Direct spectrophotometric Determination
Amount of Copper *Amount of
Sample Spiked copper found Recoo/:)/ery RMSEP RO/EOP ROZD t-test
pg/mli pg/mli
Milk(Buffalo) - 1.216 - 0.1460 13990 | 34312 0.3530
Milk(Cow) - 1.318 - 0.1657 4.9157 3.5917 0.1469
Mother Milk - 0.4841 - 0.0686 4.7901 2.0240 0.8205
Derivative spectrophotometric determination
Milk(Buffalo) - 1.216 - 0.1460 1.3990 34312 0.3530
1stderivative - 1.0668 - 0.4075 5.090 1091 0.8147
2nd derivative - 1.0071 - 0.5240 5.724 14.86 0.6577
3rd derivative - 1.0654 - 0.3088 2.602 8.281 0.6492
Milk(Cow) - 1.318 - 0.1657 49157 35917 0.1469
Istderivative - 1.2300 - 0.5835 6.559 1355 0.0325
2nd derivative - 12281 - 0.9981 3.014 2321 1.355
3rd derivative - 1.2582 - 0.5265 6.229 11.95 0.5321
Mother Milk - 0.4841 - 0.0686 4.7901 2.0240 0.8205
1stderivative - 0.4297 - 0.0535 4.259 1779 2.1004
2nd derivative - 0.4288 - 0.2672 2942 8.901 1.9454
3rd derivative - 0.5674 - 0.4747 6.256 11.95 0.3111
Table 5: Direct & Derivative spectrophotometric Determination
*Amount of RMSEP REP RSD
Blood Sample copper found % % t-test
pg/mi
Samplea 1.323 0.0044 1.6042 0.3684 28747
Istderivative 1.348 0.0034 0.9852 0.2493 05176
2nd derivative 1.339 0.0013 0.2092 0.1014 1.8628
3rd derivative 1.342 0.0019 0.2982 0.1426 1.6521
Sampleb 1.482 0.0013 0.2704 0.0905 2.1238
1stderivative 1491 0.0010 0.2014 0.0670 1.8973
2nd derivative 1501 0.0033 0.6666 0.2240 0.9402
3rd derivative 1.493 0.0024 0.4019 0.1626 0.1302
Samplec 1.329 0.0063 0.1129 0.4758 0.2501
1stderivative 1.298 0.0015 0.4633 0.1218 1.6001
2nd derivative 1.288 0.0060 1.0562 0.4703 0.2087
3rd derivative 1.299 0.0058 11011 0.4510 0.1619
Sampled 1.84 0.0027 25425 0.2312 1.8478
1stderivative 1.168 0.0012 1.1995 0.0976 1.1095
2nd derivative 1.159 0.0009 0.1812 0.0761 0.3583
3rd derivative 1.1601 0.0042 0.6875 0.2600 0.7595

Average of ten replicate determinations
a =14-18y, b=24-30y, ¢ =42-48y, d=60- 65y
Sample selected with help of Jaya Bharath Hospital clinical Laboratories
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