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Abstract

The redox behavior of copper sulfate in absence and presence of Amoxicillin was studied at two different temperatures
(288.15 and 298.15)K. The redox behavior was studied in 0.1 M HCI electrolyte, potential range from (1.5 to -1.5)V. The
copper ions concentration is small ones ranging from (3.3x10-4 to 1.67x10-3)M. Only one reduction and one oxidation
peaks are obtained in our results indicating the reduction and oxidation of the divalent copper ions to the zero valent copper
metal. All the solvation cyclic voltammetry parameters were evaluated at the two temperatures used and their values were
discussed for cupric ions in presence and absence of Amoxicillin. Also, the thermodynamic parameters for the interaction
of copper ions with Amoxicillin as stability constant, Gibbs free energies, enthalpies and entropies of interaction were
calculated. The thermodynamic parameters indicate that the reaction between cupric ions and Amoxicillin is chemical
reaction (high negative Gibbs free energies values), good spontaneous (positive entropies) and endothermic chemical
reaction (valuable positive values). Energy values of interaction between Amx and 2hgé which obtained by molecular
docking calculations indicate that Amx has an anticancer activity for liver cancer treatment
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Introduction

Voltametric techniques are characterized by many
analytical merits  which include outstanding
sensitivity to organic and inorganic solutions with

copper with different ligand [4-6]. Copper has an
important role in many biological processes inside
the human and animal bodies. Copper complexes has
great attention as good reagent against bacterial

wide range of concentrations and temperatures,
determination variety of useful solvents and
electrolytes, its strength in calculation kinetic and
mechanistic parameters, estimation of unknown
parameters, the ability to form different wave forms
and measure small current [1, 2].

The work in the thesis includes one type of
voltametric techniques which is called cyclic
voltametry. Cyclic Voltametry is voltametric
technique which is used to describe the redox
behavior of the electrochemical reaction. It was first
announced in 1938 and characterized by Randles [3].
A lot of researches discuss cyclic voltametry of

activity and used for humans and animals as
nutritious [7, 8]. Proteins which are natural occurring
materials are essential for a large number of vital
functions [9]. Transition metal complexes with them
and in peptides are consumed in several biological
processes  [10]. Both  potentiometric  and
spectroscopic techniques take special attention, due
to its accurate values for the estimation of stability
constants from voltametric techniques and also on its
ability to give structural information [11, 12].
However, these methods have specific condition and
can critically use in concentrated solutions. The
oxidation and reduction processes for CuSO4 and its
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interaction with Amoxicillin were done in aqueous
medium and the data was analyzed using origin
software.

Experimental

The chemicals used in the present study are
copper sulfate salt ,CuSO4 from Oxford Co. India,
Amoxicillin from Merck Co, hydrochloric acid pure
(HCI) from Adwic Co Company and bidestilled water
with conductivity of 3 micro Siemens.

NH,

HO o//

Amoxicillin (Amx)

((2S,5R,6R)-{[2R-2-
Amino-2-(4-hydroxy
phenyl)acetyllamino}-3,3-
dimethyl-7-0x0-4-thia-1-
azabicyclo[3,2,0] heptane-
2-carboxylic acid) sodium
salt
C16H19N305S
365.4 g/mol

Synonyms

Formula
Mol. Wt.

The cyclic voltametric studies were done by
using DY2000 multichannel potentiometer, delivered
from USA. It was connected to a cell of three
electrodes, silver/silver chloride put in saturated KClI
solution used as reference electrode, solid glassy
carbon electrode (SGC) was used as working
electrode and platinum wire, auxiliary electrode. The
solid glassy carbon electrode (SGR) surface was
polished to mirror state using 1-0.03 micro alumina
powder. The SGR was washed with absolute alcohol
and doubly-distilled water till removing any adhering
alumina particles. Area of electrode is (5.72x10?)
cm?. The system was applied from (1.5 to -1.5)V
potential window and (0.1, 0.02, 0.01)V.s! scan rates
at different temperatures (288.15 and 298.15)K.
Passing purified N2 was done before each experiment
to insure inert atmosphere and diffusion experiment.
Finally, the data was analyzed using origin software.
Results and Discussion

CuSO4 reduction and oxidation behaviors in
absence and presence of Amoxicillin have been
examined in 0.1M HCI using cyclic voltametry at
(288.15 and 298.15) K.
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3.1. Electrochemical behavior of CuSO4 (Cu?**) in
absence of Amoxicillin (Amx) at (288.15 and
298.15)K

3.1.1 Effect of different Cu?* concentrations in
absence of Amx at (288.15 and 298.15)K

First, the cyclic voltamogram of 30 ml HCI
(0.1) M as a supporting electrolyte was measured
from (1.5 to -1.5)V using DY2000 multichannel
potentiometer at (288.15 and 298.15)K, Fig.1. Then,
the redox behavior of Cu?* was examined in 0.1 M
HCI by adding Cu?* ions solution step wisely from 1
ml (3.32 x 10%) M to 6 ml (16.7x10"*) M as shown in
Fig.2.

The electrochemical redox behavior of Cu?
in absence of Amoxicillin using solid glassy carbon
electrode was studied at the steady state current,
cyclic waves were obtained and explained using the
following equations [7, 24].

ip=0.4463 nFACMFDVRT)¥ (1)

ip is the current in ampere , A is the surface area of
working electrode in cm? , D is the diffusion
coefficient in cm%sec , v is the scan rate in volts/sec
and C is the Cu?* concentration.

AEp is the peak potential difference and calculated
from equation (2)

AEp = Epa - Epc (2

If AEp will close to 59/n mv (at 298.15K) the
reaction is reversible where, n is the number of
electrons in redox reactions

The standard heterogeneous electron transfer rate
constant ks in cm/sec were calculated by applying the
following equation (3):

ks=2.18* [Dc ana F v/RT]Y? *exp [o’nF
AER/RT] (3)

where : a is charge transfer coefficient and n, is the
numbers of electron transfer in the rate determining
step.

Assuming that a coefficient is equal to 0.5. Hence,
ana Will be as the shown in equation (4)

ona = 1.857 RT/ (Epc — Epc/Z) F (4)

where Ep2 is the half wave potential for cathodic
peak

Then the surface coverage I' (surface
concentration of the electroactive species in mol.cm-
2) was evaluated by equation (5).

F=i, 4RT I F2Av (5)


http://en.wikipedia.org/wiki/Gram
http://en.wikipedia.org/wiki/Mole_(unit)
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The quantity of charge consumed during the
reduction of the adsorbed layer can be used to —30mlHCI (0.1)M+1mICu2+(3.23x10"‘)M
calculate the surface coverage by eq. (6). 260°1 | —30mIHCI (0.) M+ 4 ml Cu2+(11.8x10'4)M
Q=nFAT (6) 20|30 mi HCI (0.0) M+ 6 ml Cu®*(16.7X10%) M
16x10° 4
The calculated solvation and Kkinetic NETR
parameters are Ep. (anodic peak potential), Epc € 12a0°
(cathodic peak potential), Ipa (anodic peak current), < o] i
- "
Ip. (cathodic peak current), AEp (peak potential Eﬁﬂm;
difference), D. ( anodic diffusion coefficient), D 53“’*1000'
(cathodic diffusion coefficient), ks ( electron transfer 0 o’
2000°
rate constant ), I'a (anodic surface coverage), I'c S0
(cathodic surface coverage), Qa (anodic quantity of 900"
electricity) and Q. (cathodic quantity of electricity) in T
Table 1 (a’b)_ 15 12 09 06 03 00 -03 -06 -09 -12 -15
Potential (Volt) a
25001 B gggig E —30mlI HCI (0.1) M + 1 ml Cu®(3.23x10™) M
20410° — : 250 |——30ml HCI(O.l)M+4m|Cu2*(11_8x10"‘)M
~ 200 2o0'] | —30 ml HCI (0.1) M + 6 ml Cu*(16.7x10") M
Q
15110° .
E . 1510°
< 1.0x10° 4 gl.ono“
~ <
"E 50410 4 E 5.0x10* 1
e 004 g 0.0+
- S 5.0x0° 4
3 -50x10° O
0 -10x10°
-L0x10° 4 1500°
-L5x10° 4 2010°
-20)(10'3 175 1I2 079 DIG 013 OTO —OIB r(;.G —0I9 rlI.Z 71I.5
' 15 12 09 06 03 00 403 06 49 -2 -5 Potential (Volt) b
Potentional (VOIt) Fig.(2): Cyclic voltamogram of different Cu?

Fig.(1): Cyclic voltamogram of 30 ml HCI (0.1) M and
scan rate 0.1 V/s at (288.15 and 298.15)K

concentrations in 30 ml HCI (0.1) M and scan
rate 0.1 V/S at (a) 288.15K (b) 298.15K
The relation between cathodic and anodic peak current I,
against different concentrations of Cu?* ions in 0.1M HCI
and scan rate 0.1 V.s* were shown in Fig.3.

Table.1(a): Effect of different concentrations of Cu?* for redox peaks at 288.15K

[M] E E AEp (-)Ipa Ipc E Da Dc ks j (+)Q ¢ I'a (')Qa
x10* Pa Pe 3102 x10¢  x10* x109 x10° x10¢ x10® x10* x10® x10*
323 0110 0082 2.82 1.359 3.192 0096 7.496 414 498 5740 3.17 2445 1.35
11.8 0142 0083 589 4393 3994 0.112 5889 487 217 7.187 397 7.905 4.36
16.7 0157 0104 529 5562 4961 0.130 4704 374 404 8927 493 1000 5.52
Table.1(b): Effect of different concentrations of Cu?* for redox peaks at 298.15K
M] (Ipa Ipc Da D Ks 'c (HQc TIa ()Qa
x10¢  EPa Epe  AEp xlOI')“ xll())"‘ x10®  x10® x10® x10® x10* x10% xl)O"'
323 0532 0318 0214 303 46 0425 3.738 857/ 6.65 8557 472 5650 3.12
11.8 0534 0157 0377 376 93 0345 0431 264 146 1731 955 7.005 3.87
16.7 0534 0107 0427 435 96 0320 0287 140 161 17.80 9.80 8.097 4.47
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Fig.(3): The relation between peak current Ip (Ipc — Ipa)
against different concentrations of Cu?*ions at
(a) 288.15K (b) 298.15K and scan rate 0.1 V.s*

Effect of different scan rates

Cyclic voltamogram of Cu?* ions in 0.1 M
HCI was studied at different scan rates (0.1, 0.02 and
0.01)(V.s1) and temperatures (288.15 and 298.15)K,
Fig.4. Table.2 (a,b) illustrate the calculated solvation
and kinetic parameters (Ep, Ip, AEp, E 4, D, ks, " and
Q) of different scan rates.
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——30mIHCI(0.1) M +6ml cu?* (16.7x10'4)M at scan rate 0.1 V/S

24x10°q | —— 30 ml HCI (0.1) M + 6 ml Cu®" (16.7x10™)M at scan rate 0.02 V/S

2.1x10° 4 .
x —— 30 ml HCI (0.1) M + 6 ml Cu?* (16.7x10*)M at scan rate 0.01 V/S

1.8x10° o

1.5x10° o
1.2x10° 4
9.0x10°* 4
6.0x10" o
3.0x10™* 4

0.0 -

Current (Amp)

-3.0x10™
-6.0x10" o

-9.0x10™ 4

-1.2x10° -

T T T T T T T T T T T
15 12 09 06 03 00 -03 -06 -09 -12 -15

Potential (Volt) a

| ——30mIHCI(0.0) M+ 6 ml Cu®* (16.7x10)M at scan rate 0.1 VIS
3.0x10"
sogt] | ——HMHCIO)M +6ml cu?* (16.7x10™)M at scan rate 0.02 /S

X! -

aoxie’d | ——30mIHCI Q1) M+6ml o (16.7x10’4)M atscan rate 0.01 V/S

15x10° 4
1.0x10°
5.0x10" 4

00

-5.0x10°

Current (Amp)

-1.0x10°
-15x10°

-2.0x10°

T T T T T T T T T T T
15 12 09 06 03 00 -03 -06 -09 -12 -15

Potential (Volt) b

Fig.(4): Cyclic voltamogram of different scan rates of (16.7x104) M

CuSO2in (0.1)M HCl at (a) 288.15K (b) 298.15K

The reduction peak of cupric ions from
divalent into zero valent metal was shown in all our
cyclic voltamograms for copper sulfate alone
indicating the wuse of two electron reduction
mechanism at approximately -0.3V. The oxidation
process is the opposite direction of the above
discussed mechanism in this range of concentration at
approximatly 0.1V [1,3].

Randless Sevicek equation [24-28] was used
to apply the relation between cathodic and anodic
peak current I, against the square root of scan rate in
0.1M HCI which gives straight lines indicating
diffusion process as shown in Fig.5.
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Fig.(5): The relation between peak current Ip (ipa - ipc)
against the square root of different scan rates for
(16.7x 10%) M CuSOs at (a) 288.15K (b)
298.15K.

Electrochemical behavior of CuSO4 (Cu?") in
presence of Amoxicillin (Amx) at (288.15 and
298.15)K

Effect of different Cu?* concentrations in presence of
Amx at (288.15 and 298.15 K

The electrochemical behavior of the
complexation between Amx and Cu?* ions was
studied in 0.1M HCI and scan rate 0.1 V.s' at
(288.15 and 298.15)K, Fig.6. The solvation and
kinetic parameters (Ep, Ip, AEp, Ey, D, ks, T and Q)

of interaction of (16.7x 10°)M Cu?* ions and
different concentrations of Amx at (288.15 and
298.15)K and scan rate 0.1 V.s* were presented in
Table.3 (a,b).

— 30mIHCI+6ml Cu2++ 6 ml Amx

27x10° —— 30mI HCl+ 6 ml Cu?* + 10 ml Amx
.

24310 —— 30 mI HCI+ 6 mi Cu?* + 12 ml Amx

2.1x10° 24

N —— 30mI HCI+6 ml Cu”" + 15 ml Amx

1.8x107 4

2+
15x10° 4 —— 30mI HCI+6 ml Cu” +18 ml Amx

1.2x10°
9.0x10"
6.0x10"
3.0x10" -

0.0

Current (Amp)

-3.0x10" 4
-6.0x10" 4
-9.0x10" 4

-12x10°

1'5 112 019 076 0’3 0’0 -0'.3 -0’.6 -0’9 »1’.2 -1’.5
Potentional (Volt)a

2

— 30mIHCI +6mi cu®* + 6 ml Amx

— 30mI HCl + 6 mi Cu?¥ + 10 ml Amx

3.0x10° 4
X 2

— 30mIHCI +6 mi Cu®™ + 12 ml Amx
25%10° 4 ”
5 —— 30mIHCI+6ml Cu” + 15 ml Amx
2.0x10" >

— 30mI HCI + 6 ml Cu®* + 18 ml Amx

1.5x10° 4
1,0x10° 4
5.0x10" 4

00+

Current (Amp)

5.0x10"
-1.0x10°

-15x10°

-2.0x10°

T T T T T T T T T T T
15 12 09 06 03 00 -03 -06 -09 -12 -15

Potential (Volt) b

Fig.(6): Cyclic voltamograms for the interaction of (16.7x
10%)M CuSO. and different concentrations of
Amx and scan rate 0.1 V.s at (a) 288.15K (b)
298.15K

Table.2(a): Effect of different scan rate on (16.7x10"")M of Cu?* for redox peak at 288.15K

Bl |
. e moaw QE R

Da Dc Ks I'c (+)Qc I'a

0.1 0.157 0.104 0.052 5.56 4.96
0.02 0.132 0.040 0.092 4.39 1.87
0.01 0.132 0.024 0.107 4.14 0.72

Table.2(b): Effect of different scan rate on (16.7x10-*)M of Cu?**for redox at 298.15K

I |
e e o OB B

Da Dc ks rc (+)QC ra
x10° x10° x10° x107

0.1 0.533 0.107 0.426 435
0.02 0.200 0.260 0.060 2.67 2.69
0.01 0.204 0.311 0.106 219 1.39
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(-)Qa
x10° x10° x10* x107 x10* x107 x10*
0.026 4.70 3.742 4.04 0.89 4,93 1.000 5.52
0.080 14.6 2.650 2.59 1.68 9.27 3.948 218
0.078 26 0.798 1.17 1.30 7.20 7.444 411

x10* x107 x10*
960 0.320 2.88 14.00 1610 1.787 9.86 8.097
0.230 5.42 5492 446 2502 138 24.85
0.258 7.26 2926 173 2583 143 40.68
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Fig.(7): The relation between peak current Ip (Ipc
— Ipa) against different concentrations of Cu?* ions in the
presence of Amx at (a) 288.15K (b) 298.15K and scan rate
0.1Vst

All the cyclic voltametric data obtained (Da,

Dc, ks, I'a, I'c, Qaand Qc) are increased by increasing
the Amoxicillin concentration which indicate the
diffusion control of the reaction between Amoxicillin
and cupric ions and also increased by increasing
temperature
Effect of different scan rates

Effect of different scan rates on the

interaction between Cu?* ions and Amx was studied
in (0.1, 0.02 and 0.01) V.s%, Fig.8.

Egypt. J. Chem. 63, No. 12 (2020)

1.8¢10°
1.6x10° 4
1.4x10°

—30mIHCI +6ml Cu2++ 18 ml Amx (3,33x10'3) at scan rate 0.1 V/S

—30mlIHCl +6ml Cu2++ 18 ml Amx (3.33x10'3) at scan rate 0.02 VIS

—30mlIHCI+6ml Cu2++ 18 ml Amx (3.33x10'3) at scan rate 0.01 VIS

1.2x10° 4
1.0x10° 4
8.0x10° 1
6.0x10° 1
40x10° 1
20x10*

00

Current (Amp)

-2.0x10°
-4.0x10° 4
6.0x10° 4
-8.0x10°
-10x10° 4
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2++ 18 ml Amx at scan rate 0.1 V/S

—230mlHCI + 6 ml Cu
, —30mlHCl +6ml Cu2++ 18 ml Amx at scan rate 0.02 V/S|
1.8x10° 4
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Fig.(8): Cyclic voltamogram of different scan rate of
(1.11x 10®)M Cu?*with (3.33x 10-¥)M Amx at
(a) 288.15K (b) 298.15K

No new peaks was appeared on adding
Amoxicillin to cupric ions indicating the effect is
only decease in cupric peak hights and shift of the
cathodic potentials to more negative values and the
anodic potential to more positive values indicating
the interaction between cupric ions and Amoxicillin.

The solvation and kinetic parameters (Ep,
Ip, AEp, E 4, D, ks, " and Q) of different scan rates of
Cu?* ions in the presence of Amx were presented in
Table.4.(a,b).
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Table.3(a): Effect of different concentrations of Amx for redox peak at 288.15K
[Amx] E Ag. Olpa lpe E Da Dc ks e  (#)Qc Ta ()Qa
X107 Pa EPe P x10*  x10* x109  x109 x10% x10® x10¢ x10% x10*
1.43 0.176 0.146 0.030 5.03 463 0.161 5233 443 236 8328 460 9.049 4.99
217 0.198 0.133 0.065 4.27 3.80 0.166 4520 358 241 6.83 3.77 7679 4.24
2.50 0.176 0.058 0.117 391 321 0.117 4140 279 511 5779 319 7.042 3.89
2.94 0.173 0.078 0.094 357 3.08 0.125 3898 29 6.37 5544 3.06 6.430 3.55
3.33 0.181 0.078 0.103 337 297 0.130 3880 3.02 569 5344 295 6.060 3.35
Table.3(b): Effect of different concentrations of Amx for redox peak at 298.15K
[Amx B (t)Qc T'a ()Qa
- Ipa Ipc ° Da DC ks 1—‘c -4 -8 -4
X1]0_3 B Bpe ABp o yige x10¢ B x109 x10° x102 xige X107 x107 x10
143 0545 0.1206 0.4249 505 9.23 0.3331 5268 17.62 2632 17.18 9481 9.395 5.185
217 0566 0.0774 0.4892 479 9.19 0.3220 5.684 2097 4.437 17.11 9.444 8.910 4.917
250 0568 0.0576 0.5107 4.06 7.16 0.3130 4.449 1386 4.082 13.33 7.359 7.554 4.169
28 0589 0.0585 05308 4.24 851 0.3239 5.267 21.23 6.611 1584 8.742 7.890 4.355
3.33 0589 0.0774 05119 392 8.07 0.3334 5249 2226 5959 1502 8.290 7.293 4.025
Table.4(a): Effect of different scan rate of (1:3) complex for redox peak at 288.15K
(Mpa Ipc . Da Dc ks Ie Qe Ta (IQa
° P Epe AB g0+ xt0¢ B x10% x10° x10% x10®  x10%  x10® x10*
0.1 0.181 0.078 0.103 337 297 0.130 3881 3018 569 5340 295 6.061 3.35
0.02 0.137 0.112 0.024 273 159 0.125 1270 4343 6.65 1430 791 2452 135
0.01 0.130 0.095 0.034 268 1.11 0.112 2452 4204 513 19.94 11 48.18 26.6
Table.4(b): Effect of different scan rate of (1:3) complex for redox peak at 298.15K
O I ‘ AT
-)Ipa i . Da D¢ s I'e c x10 Q
K Ep. Ep. ABp 10+ Xao E x10°  x10° x10° x107 x10° x10-
4 4
0.1 0.5893 0.0774 0.6667 3.92 8.07 0.2559 5.248 22.263 177 1502 829 1328 7.33
0.02 04054 0.1234 0.282 232 247 02644 9.206 1047 147 2303 127 3934 217
001 0.2646 0.1196 0.1449 180 154 0.1921 11.069 8.1366 0.232 287 158 6.1013 33.7
) 2
« Ipa
The relation between cathodic and anodic peak 840" . |pc
current I, against the square root of scan rate in 0.1M ~ 1
o Q 70d0*
HCI were shown in Fig.9. £ 5o
. | a < 56110*
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SORT of Scan Rate

Egypt. J. Chem. 63, No. 12 (2020)



5246

Mohamed Fathi et al..

Electrochemical behavior of the complexation between
Cu** ions and Amx.

From Fig.6, it is observed that the complex is
formed as a result of decreasing in the anodic and cathodic
peak current beside the potential shifts to new values. A
stability constant is a measure of the strength of the
interaction between the reagents that come together to form
the complex.

The stability constants (Bmx) for CuSO4
complexes for each addition are calculated by applying the
following equations [19-33]:

AE° =E°’c - E'Mm=2.303 (RT/nF) * (log Bmx + j
log Cx) (7)

Where E°y is the formal peak potential of
metal at finally adding in the absence of Amx,
E°c is the formal peak potential of metal complex
after each addition of Amx, R is a gas constant
(8.314 Jmoltdegree?), T is the absolute
temperature, j is the coordination number of the
stoichiometric complex and Cx is the concentration
of Amx in the solution.

The formal potential E° can be found as the
midway between the two cyclic voltametric peaks
comprising the voltamogram by Eq.(8).

E°=(Epat+ Epc)/2 (8)
where both Ep, and E,c are anodic peak potential and
cathodic peak potential, respectively.

The Gibbs free energy of interaction for
Cu?* ions with Amx were calculated from stability
constant (Bmx) using Eq.(9)[20-33].

AG =-2.303 RT log Bmx  (9)

The relation between Gibbs free energy
against stability constant of CuSO. complexes with
Amox were shown in Fig.10.

All  equilibrium constants vary with
temperature, so the enthalpy (AH) of interaction
for CuSO. with Amox was calculated by using
Van’t Hoff Eq. (10)

1 BAMK at (T:)  4AH

OE aNXar(T) 2303

(10)
where Pux is the stability constant at different
temperature, both T, and T1 are 298.15 K and 288.15
K, respectively.

The entropy (AS) for CuSO4 complexes in
0.1 M HCI at (1.5 to -1.5)V potential windows and
scan rate 0.1 V.s? at different temperatures (288.15,
298.15 K) are calculated by using Eg. (11)

T.T
T:-T

(z=)

A5 = 2H-4C 11)

The calculated values of Bux, AG, AH, and
AS for CuSO4 complexes are estimated and collected
in Table.5.
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Fig.(10): The relation between Gibbs free energy and
stability constant for CuSO4 complex at (a) 288.15K (b)
298.15K

All the thermodynamic parameters given in
Table.5 indicate the complexation interaction between
Amoxicillin and cupric ions at the two temperatures used
indicating high stability constant and high Gibbs free
energies of complexation. Positive enthalpic data indicate
that the reaction process is endothermic one and positive
entropies indicate the spontaneous character of the reaction
between cupric ions and Amoxicillin.

Computational studies

Molecular docking of Amoxicillin (Amx)

Table.5: The stability constant, Gibbs free energy, enthalpy and entropy of interaction for

CuSO4 Complex at (288.15 and 298.15)K

[M]x103  [L]x10°  j log i AG (Klfmoh AH AS
X107 X107 ]
288.15K 29815 288.15K 29815 uion (ymol)
1.43 1.43 1 3.04 448 1679 2562  278.94 1.018
1.30 217 167  6.88 589  -37.98 -33.65  124.48 0.563
1.25 2.50 2 5.77 649  -31.85 -37.07  185.02 0.752
1.11 3.33 3 7.87 8518  -43.43 -4862  178.03 0.768
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Table.6 : Energy values for Amoxicillin alone

Free Inhibition vdW-+Hbond+desolv Electrostatic Total
Energy of const, Ki Energy Energy Intermolec. Frequency Interact.
Binding (uM) (Kcal/mol) (Kcal/mol) Energy % Surface
(Kcal/mol) (Kcal/mol)
-6.06 36.12 -6.02 -1.44 -7.46 30 697.969

was done to show its affinity with receptors. It was
done with protein 2hg6 which is responsible for liver
cancer, Figs. [11-13].

Energy values of interaction between Amx
and 2hg6 which obtained by docking calculations
indicate that Amx can act as a good anticancer drug,
Tables. (6,7). The interaction between almost all
atoms of Amx and amino residue of enzyme predict
their anticancer action.

Free energy of binding, inhibition constant,
Van der Waals forces, hydrogen bonding,
dessolvation energy, total intermolecular energy are
indicated for different ranks and gave better results
than that of Amx alone.

The redox behaviour of copper sulfate in
absence and presence of Amoxicillin was studies at
two different temperatures. The solvation cyclic
voltametry data was obtained and their values were
compared. The different thermodynamic parameter,
stability constant, Gibbs free energies of solvation,
entropies and enthalpies of solvation indicate the
complexation of cupric ions and Amoxicillin.

2

-

Fig. (11): The 3D structure of Amoxicillin with 2hg6
isomerase enzyme

A =

Fig. (12): The 3D active sites of docking of Amoxicillin
into 2hg6 isomerase enzyme

Egypt. J. Chem. 63, No. 12 (2020)

Fig. (13): The 3D docking pose of monomer Amoxicillin
at active 2hg6 and active site showing the
hydrogen bonding in blue

Conclusion

The redox behavior of copper sulfate in
absence and presence of Amoxicillin was studies at
two different temperatures. The solvation cyclic
voltammetry data was obtained and their values were
compared. The different thermodynamic parameter,
stability constant, Gibbs free energies of solvation,
entropies and enthalpies of solvation indicate the
complexation of cupric ions and Amoxicillin.

Molecular Docking interaction between
Amoxicillin and amino acid residue 2hg6 was
detected and proved that Amx has an anticancer

activity for liver cancer treatment.
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Table.7: Energy values for Amoxicillin with 2hq6 enzyme

Free Energy Inhibition vdW-+Hbond+desolv Electrostatic —Total Intermolec.
Rank  of Binding const, Ki Energy Energy Energy Frequency Interact.
(Kcal/mol) (uM) (Kcal/mol) (Kcal/mol) (Kcal/mol) % Surface
1 -7.32 4.28 -8.29 -1.10 -9.39 10 769.202
2 -6.78 10.74 -6.50 -1.02 -7.52 20 739.104
3 -6.06 36.12 -6.02 -1.44 -7.46 30 697.969
4 -5.65 72.37 -5.80 -0.89 -6.69 10 667.231
5 -5.07 192.45 -5.54 -0.55 -6.09 10 705.126
6 -4.92 248.30 -5.39 -0.60 -5.99 10 699.786
7 -4.79 308.44 -6.58 -0.01 -6.59 10 805.752
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