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ABSTRACT 

External electric field of 0.001, 0.01 and 0.05 a.u. 
changes distribution of the electron density in α- 
and β-D-glucose, α- and β-D-galactose, α- and 
β-fructopyranoses and α- and β-fructofuranoses, 
α- and β-D-ribofuranoses and α and β-D-xylo- 
furanoses. Hyper-Chem 8.0 software was used 
together with the AM1 method for optimization 
of the conformation of the molecules of mono-
saccharides under study. Then polarizability, 
charge distribution, potential and dipole mo-
ment for molecules placed in the external elec-
tric field of 0.000, 0.001, 0.01 and 0.05 a.u. were 
calculated involving DFT 3-21G method. Appli-
cation of the external field induced polarizability 
of electrons, atoms and dipoles, the latter re-
sulting in eventual reorientation of the mole-
cules along the applied field of the molecules 
and the electron density redistribution at par-
ticular atoms. Increase in the field strength 
generated mostly irregular changes of the elec-
tron densities at particular atoms of the mole-
cules as well as polarizabilities. Energy of these 
molecules and their dipole moments also varied 
with the strength of the field applied. Results of 
computations imply that saccharides present in 
the living organisms may participate in the re-
sponse of the living organisms to the external 
electric field affecting metabolism of the mo- 
lecules in the body fluids by fitting molecules to 
the enzymes. Structural changes of saccharide 
components of the membranes can influence 
the membrane permeability. 
 
Keywords: D-Fructose; Dipole Moments; 
D-Galactose; D-Glucose; Polarizabilty; D-Ribose; 
D-Xylose 

1. INTRODUCTION 

Every material object is surrounded by an electromag- 
netic field. In case of unanimated objects that field re- 
sults from well known effect of the surface [1]. It is re- 
sponsible, for instance, for catalytic properties of hetero- 
genous catalysts. The origin of such field around ani- 
mated objects is more complex [2-5]. The field induces a 
plasma which can be seen in a “native” state solely by 
some people who frequently combine this ability with 
therapy involving biofield, so-called bioenergothrapeu- 
tics. Perception of those people likely involves a beyond 
sensory way. There are attempts of visualization of that 
“native” plasma by independent physical methods. Com- 
monly, gas discharge visualization (GDV) of such plas- 
ma under a high voltage gradient is applied but such evi- 
dence for the existence of the plasma [5,6] is controver- 
sial. It is not clear whether “native” plasma and that in- 
duced in a Kirlian manner (the GDV photography) differ 
from one another solely in the concentration of excited 
species. 

In our former paper [7] the effect of the gradient of 
potential upon the UV absorption spectra of simple inor- 
ganic molecules e.g. N2, O2, H2O, CO2, CO2-H2O, NH3 
and NH3-H2O was presented. Numerically calculated 
spectral changes were non-proportional to applied one- 
direction electric field varying between 0.005 and 0.1 a.u. 
(1 a.u. = 1.49 × 10–10 J = 931 MeV). The changes de- 
pended also on intermolecular object-object interac- 
tions and, therefore, they were influenced by a number of 
molecules populating considered molecular system. Vis- 
ualization of the isosurface of those molecules docu- 
mented changes in the distribution of the electron density 
and, hence, the dipole moment and mutual intermolecu- 
lar interactions including conditions of hydration of CO2 
and NH3.  

Effect of the gradient of potential upon animate ob- 
jects is also well known but the nature of these interac- 
tions is not well understood [8-10]. This paper contri- 
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butes to this problem presenting results of the computa- 
tions of the charge distribution, potential and dipole mo- 
ment for the biologically important molecules of α- and 
β-gluco-(Glcp), galacto-(Galp) and fructopyranoses (Frup), 
and α- and β-fructo-(Fruf), ribo-(Ribf) and xylofuranoses 
(Xylf) all exposed to external electric field of 0.001, 0.01 
and 0.05 a.u.  

2. COMPUTATIONS 

HyperChem 8.0 software was used together with the 
AM1 method for optimization of the conformation of the 
molecules of monosaccharides under study. Then polari- 
zability, charge distribution, potential and dipole moment 
for molecules placed in the external electric field of 
0.000, 0.001, 0.01 and 0.05 a.u. were calculated involv- 
ing DFT 3-21G method. For the computations of the 
polarizability field of 10–10 a.u. has to be adapted as the 
no field condition. In the computations of polarizability, 
every molecule was oriented against the external electric 
field in an identical manner.  

Structures (a)-(c) (Figure 1) present numbering of the  

atoms applied in the computations and applied their ori- 
entation in the Cartesian system. 

3. RESULTS AND DISCUSSION 

An increase in the strength of external electric field, 
except some particular cases, decreased energy of the 
molecules and increased their dipole moments (Table 1). 

Without field applied α-isomers are more stable than 
β-isomers. The 0.001 a.u. electric field has either none or 
negligible effect upon stability of the molecules. The 
sensitivity of particular molecules to increasing field 
strength is diverse. In contrast to the other molecules, 
both isomeric D-Galps are fairly insensitive to that field 
of the strength up to 0.01 a.u. In the 0.05 a.u. all mole- 
cules became very labile possibly to a bond cleavage. 

As one can see from the inspection of Table 1 energy 
of α-D-Glcp varies with increase in the energy of the 
electric field applied in a different manner than in -D- 
Glcp. That circumstance may offer a control of the equi- 
librium of the mutarotation by means of the external 
electric field. It should be underlined that the variation of  

 

 
(a)                                            (b) 

 
(c) 

Figure 1. Numbering of the atoms applied in the computations and applied orientation in the 
Cartesian system for α and β-gluco-(Glcp), galacto-(Galp) and fructopyranoses (Frup) (a), α 
and β-fructo-(Fruf) (b), and ribo-(Ribf) and xylofuranoses (Xylf) (c). 
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Table 1. Variation of the energy and dipole moment of selected monosaccharides with energy of applied external electric field. 

Energy (E) [kcal/mol] Dipole moment [D] 
Saccharide Field [a.u] 

  D0.001 - D0.000 D0.01 - D0.001 D0.05 - D0.01 

0.000 –374424 1.43 

0.001 –374424 1.62 

0.01 –374430 4.01 
-D-Frup 

0.05 –374500 6.45 

0.19 3.39 2.44 


0.000 –374413 4.09 

0.001 –374416 3.81 

0.01 –374427 5.46 
-D-Frup 

0.05 –374600 18.78 

–0.28 1.65 13.32 


0.000 –374423 1.84 

0.001 –374423 1.90 

0.01 –374427 3.52 
-D-Fruf 

0.05 –374513 15.94 

0.06 1.62 12.42 

0.000 –374423 2.76 

0.001 –374423 2.77 

0.01 –374426 3.69 
-D-Fruf 

0.05 –374492 13.39 

0.01 0.92 9.70 


0.000 –374444 2.54 

0.001 –374443 2.46 

0.01 –374445 3.16 
-D-Glcp

0.05 –374213 26.37 

–0.08 0.70 23.21 

0.000 –374437 2.89 

0.001 –374438 3.11 

0.01 –374446 5.59 
D-Glcp 

0.05 –374400 20.62 

0.22 2.48 15.03 

0.000 –374445 2.51 

0.001 –374444 2.45 -D-Galpa 

0.01 –374446 3.21 

–0.06 0.76 – 

 

0.000 –374433 2.71 

0.001 –374433 2.66 -D-Galpa 

0.01 –374434 3.37 

–0.05 0.71 – 

 

0.000 –312026 1.74 

0.001 –312026 1.90 

0.01 –312031 3.90 
-D-Ribf 

0.05 –312128 17.20 

0.16 2.00 13.30 

0.000 –312008 3.48 

0.001 –312008 3.56 

0.01 –312013 4.56 
-D-Ribf 

0.05 –312086 12.47 

0.08 1.00 7.81 

0.000 –312021 2.27 

0.001 –312021 2.35 

0.01 –312026 3.62 
-D-Xylf 

0.05 –312101 12.81 

0.08 1.27 9.19 

0.000 –312013 3.37 

0.001 –312013 3.42 

0.01 –312018 4.40 
-D-Xylf 

0.05 –312094 12.90 

0.05 0.98 8.50 

aResults of computation for the 0.05 a.u. field are uncertain for their liability. 
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the energy of both conformers is not linear in the energy 
of the applied field. 

The order of decreasing energy of D-fructose conformers 
without exposure to the external field is α-D-Frup < β-D- 
Fruf < α-D-Fruf <β-D-Frup. On exposure to the field this 
order changes into β-D-Fruf < α-D-Frup < α-D-Fruf < 
β-D-Frup, α-D-Frup < β-D-Fruf < β-D-Fruf < α-D-Fruf 
and β-D-Frup < α-D-Frup < α-D-Fruf < β-D-Fruf in the 
field of 0.001, 0.01 and 0.05 a.u., respectively. Thus, the 
equilibrium between these conformers [11] can also be 
controlled in such manner. 

Dipole moments of α-conformers are smaller than 
these of the β-conformers. On application of the 0.001 
field dipole moments change slightly but chimerically. 
They increased with the field strength.  

The external field induced polarizability of electrons, 
atoms and dipoles, the latter resulting in eventual reori- 
entation of the molecules along the applied field of the 
molecules and the electron density redistribution at par- 
ticular atoms. That redistribution is available from the 
computations. Table 2 presents polarizabilities of the 
saccharides in the external electric field of 0.001, 0.01 
and 0.05 a.u. Polarizability of hexoses is higher than that 
of pentoses and that except Galp β-conformers are more 
sensitive to increase in the field strength. Increase in the 
polarizability of the molecules in the 0.05 a.u. field may 
speak for the reorientation of the molecules against the 
electric field.  

Polarizability is a tensor with nine values related to 
three axes of the Cartesian system. They compose the 
average values reported in Table 2. Dipole moments 
along the x, y and z axes of the system are given in Table 
3. For α-D-Frup and α-D-Glcp computations were car- 
ried out also for the molecules exposed to the external 
electric field. 

One can see that the application of the 0.001 and 0.01 
a.u. field changes mostly DM along the x-axis but 
stronger field causes also essential changes in DMs along 
all axes. 

The electron density at particular atoms changed on 
applying the 0.001 a.u field and then 0.01 a.u. field. They 
varied mostly irregularly as shown in Tables 4-6. 

In α-D-Glcp, among all C-atoms, the anomeric C1 
atom disposes with the lowest electron density and, in 
consequence, with the highest positive charge index. The 
C2 and C5 atoms have even slightly negative indices. 
The charge index at the pyranose ring O8 is least nega- 
tive and that at O11 is the most negative. All O-bound 
hydrogen atoms have positive indices; the highest at H13 
and H16, and negative indices at the C-bound hydrogen 
atoms point to efficient H-C bond polarization. H21 and 
H23 carry the highest and lowest electron density, re- 
spectively. 

The 0.001 and 0.01 a.u. external electric field fairly  

Table 2. Average field strength dependent polarizability of 
saccharides. 

Polarizability at the field strength [a.u.] 
Saccharide 

10–10 0.001 0.01 0.05 

α-D-Frup 105.9 105.9 106.5 186.5 

β-D-Frup 117.6 107.1 108.4 217.2 

α-D-Fruf 110.6 110.6 111.4 48.6 

β-D-Fruf 109.7 110.1 110.6 256.6 

α-D-Glcp 108.8 108.8 109.4 183.6 

β-D-Glcp 107.3 107.6 108.2 240.8 

α-D-Galp 108.8 107.9 108.8 256.2 

β-D-Galp 107.3 108.6 109.4 170.1 

α-D-Ribf 87.9 87.9 88.2 104.9 

β-D-Ribf 88.2 88.2 89.1 222.8 

α-D-Xylf 90.2 90.2 91.4 520.6 

β-D-Xylf 90.7 88.3 89.2 548.1 

 
Table 3. Dipole moments of selected monosaccharides oriented 
along x, y and z axes of the Cartesian system. 

Dipole moment (DM) 
Saccharide 

Field strength
[a.u.] DMx DMy DMz 

10–10 –0.94 –0.87 0.63 

0.001 –1.23 –0.85 0.62 

0.01 –3.94 –0.57 0.52 
α-Frup

0.05 –6.33 0.02 –1.23

β-Frup 10–10 3.65 –1.85 0.16 

α-Fruf 10–10 –0.27 –1.82 –0.17

β-Fruf 10–10 –0.04 –2.61 –0.89

10–10 0.78 –1.70 1.75 

0.001 0.44 –1.70 1.72 

0.01 –2.20 –1.75 1.45 
α-Glcp

0.05 –24.8 –0.13 –8.97

β-Glcp 10–10 –1.88 –2.12 –0.55

α-Galp 10–10 0.90 1.42 –1.86

β-Galp 10–10 0.94 0.78 –2.42

α-Ribf 10–10 –1.03 0.53 1.29 

β-Ribf 10–10 –1.14 –0.19 3.29 

α-Xylf 10–10 –0.80 –0.45 2.07 

β-Xylf 10–10 –1.06 –1.95 2.53 

 
regularly reduces charge deficiency at C1 and C3 and ex- 
cessive electron density at C2. At remained C-atoms the 
0.001 a.u. field always reduces electron density and the 
0.01 a.u. field acts oppositely, that is, it increases the ele- 
ctron density. 

The increase in the strength of the applied field fairly 
regularly reduces electron density at O10. At the other 
O-atoms, if the 0.001 a.u. field reduces electron density, 
the 0.01 a.u. field increases it and, oppositely, if the 
0.001 a.u. field increases the electron density, the 0.01  
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Table 4. Charge distribution at the carbon atoms. 

Charge at the atom 
Compound Field [a.u.] 

C1 C2 C3 C4 C5 C6 

0.000 0.080 –0.021 0.019 0.040 –0.005 0.047 

0.001 0.078 –0.021 0.019 0.043 –0.003 0.097 

0.01 0.071 –0.011 0.009 0.023 –0.018 0.042 
α-D-Glcp 

0.05 0.066 –0.031 0.016 0.024 –0.037 0.034 

0.000 0.076 –0.007 0.022 0.043 0.012 0.044 

0.001 0.073 –0.009 0.024 0.042 0.013 0.043 

0.01 0.0.79 0.010 0.033 0.035 0.030 0.038 
β-D-Glcp 

0.05 0.198 0.010 0.164 –0.055 0.053 –0.520 

0.000 0.122 –0.026 0.007 0.009 0.006 0.024 

0.001 0.123 –0.027 0.007 0.010 0.005 0.025 α-D-Galpa 

0.01 0.067 –0.011 –0.010 0.019 –0.021 .040 

0.000 0.087 –0.013 0.007 0.016 0.003 0.018 

0.001 0.088 –0.12 0.007 0.016 0.002 0.018 β-D-Galpa 

0.01 0.104 –0.009 0.006 0.013 –0.006 0.016 

0.000 0.033 –0.026 –0.001 0.007 –0.006 0.038 

0.001 0.035 –0.029 0.004 0.005 –0.007 0.042 

0.01 0.020 0.001 0.034 –0.011 –0.025 0.048 
α-D-Frup 

0.05 0.00.66 –0.001 0.089 –0.038 –0.092 0.028 

0.000 0.012 –0.011 0.001 –0.009 –0.022 0.030 

0.001 0.009 –0.004 0.002 0.004 –0.048 0.001 

0.01 0.023 0.012 0.005 –0.012 –0.054 –0.012 
β-D-Frup 

0.05 0.076 0.041 –0.004 –0.011 –0.050 –0.058 

0.000 0.002 0.022 0.007 0.016 –0.011 0.031 

0.001 0.001 0.020 0.006 0.016 –0.008 0.033 

0.01 0.001 0.031 0.004 0.016 –0.015 0.038 
α-D-Fruf 

0.05 0.050 0.065 0.036 –0.037 –0.092 –0.037 

0.000 0.050 –0.015 –0.007 0.019 0.004 0.046 

0.001 0.048 –0.013 –0.001 0.023 0.007 0.046 

0.01 0.035 –0.006 0.013 0.005 –0.012 0.057 
β-D-Fruf 

0.05 0.097 –0.062 –0.042 0.002 0.042 –0.074 

0.000 0.070 –0.019 –0.009 –0.010 0.059  

0.001 0.065 –0.024 –0.003 –0.013 0.-40  

0.01 0.048 –0.016 –0.004 –0.035 0.053  
　α-D-Ribf 

0.05 0.058 –0.083 –0.003 –0.039 0.043  

0.000 0.034 0.002 –0.019 –0.008 0.039  

0.001 0.040 0.007 –0.018 –0.012 0.038  

0.01 0.059 –0.014 –0.018 –0.011 0.068  
β-D-Ribf 

0.05 0.031 –0.081 0.002 –0.015 0.070  

0.000 0.026 0.004 0.006 0.012 0.073  

0.001 0.032 0.000 0.005 0.004 0.071  

0.01 0.041 0.007 0.008 –0.013 0.050  
α-D-Xylf 

0.05 0.023 –0.023 0.040 0.000 0.039  

0.000 0.011 –0.004 0.010 0.001 0.054  

0.001 0.017 –0.005 0.009 0.001 0.055  

0.01 0.015 –0.022 –0.011 0.005 0.038  
β-D-Xylf 

0.05 0.022 –0.083 –0.004 0.028 0.084  
aResults of computation for the 0.05 a.u. field are uncertain for their liability. 
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Table 5. Charge distribution at the oxygen atoms. 

Charge at the atom 
Compound Field [a.u.] 

O7 O8 O9 O10 O11 O12 

0.000 –0.040 –0.004 –0.041 –0.048 –0.053 –0.051 

0.001 –0.039 0.000 –0.046 –0.044 –0.050 –0.058 

0.01 –0.066 –0.005 –0.026 –0.037 –0.082 –0.064 
α-D-Glcp 

0.05 –0.042 –0.008 –0.006 –0.030 –0.049 0.023 

0.000 –0.063 –0.001 –0.057 –0.058 –0.056 –0.038 

0.001 –0.067 0.001 –0.055 –0.054 –0.054 –0.040 

0.01 –0.102 –0.003 –0.069 –0.025 –0.061 –0.054 
β-D-Glcp 

0.05 –0.394 –0.039 –0.013 1.279 0.815 –0.181 

0.000 –0.029 0.005 –0.041 –0.052 –0.045 –0.061 

0.001 –0.028 0.007 –0.042 –0.054 –0.047 –0.061 α-D-Galpa 

0.01 –0.020 0.018 –0.070 –0.101 –0.045 –0.057 

0.000 –0.036 0.004 –0.048 –0.058 –0.047 –0.056 

0.001 –0.033 0.042 –0.600 –0.061 –0.047 –0.057 β-D-Galpa 

0.01 –0.014 0.010 –0.096 –0.094 –0.054 –0.070 

0.000 0.011 0.003 –0.066 –0.045 –0.064 –0.065 

0.001 0.033 –0.003 –0.064 –0.052 –0.084 –0.041 

0.01 0.006 –0.081 –0.053 –0.063 –0.075 –0.085 
α-D-Frup 

0.05 –0.034 0.002 –0.215 –0.215 –0.086 –0.085 

0.000 0.001 0.035 –0.069 –0.053 –0.056 –0.039 

0.001 –0.017 0.015 –0.026 –0.061 –0.052 –0.027 

0.01 –0.027 0.021 –0.074 –0.079 –0.053 –0.027 
β-D-Frup 

0.05 –0.162 –0.010 –0.213 –0.139 –0.051 –0.062 

0.000 –0.020 –0.052 –0.049 –0.044 –0.052 –0.001 

0.001 –0.022 –0.051 –0.048 –0.047 –0.054 –0.001 

0.01 –0.017 –0.062 –0.080 –0.035 –0.015 0.015 
α-D-Fruf 

0.05 –0.242 –0.128 –0.049 –0.137 –0.285 0.008 

0.000 –0.043 –0.035 –0.015 –0.047 –0.044 –0.003 

0.001 –0.056 –0.039 –0.029 –0.048 –0.054 0.014 

0.01 –0.089 –0.027 –0.072 –0.062 –0.054 0.028 
β-D-Fruf 

0.05 1.213 –0.108 –0.008 –0.166 –0.575 0.052 

0.000 –0.039  –0.051 –0.036 –0.045 0.001 

0.001 –0.020  –0.048 –0.041 –0.031 0.006 

0.01 –0.052  –0.054 –0.071 –0.041 0.022 
α-D-Ribf 

0.05 –0.122  –0.067 –0.122 –0.229 –0.014 

0.000 –0.054  –0.047 –0.050 –0.053 0.024 

0.001 –0.049  –0.056 –0.042 –0.046 0.000 

0.01 –0.042  –0.046 –0.077 –0.076 0.019 
β-D-Ribf 

0.05 –0.070  –0.045 –0.167 –0.022 –0.017 

0.000 –0.042  –0.045 –0.042 –0.047 0.003 

0.001 –0.032  –0.049 –0.028 –0.020 –0.018 

0.01 –0.032  –0.031 –0.063 –0.077 0.004 
α-D-Xylf 

0.05 –0.204  –0.046 –0.025 –0.155 –0.102 

0.000 –0.035  –0.046 –0.043 –0.049 0.014 

0.001 –0.036  –0.046 –0.045 –0.051 0.014 

0.01 –0.026  –0.062 –0.052 –0.082 0.018 
β-D-Xylf 

0.05 –0.106  –0.085 –0.116 –0.219 0.019 

aResults of computation for the 0.05 a.u. field are uncertain for their liability. 
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Table 6. Charge distribution at the hydrogen atoms. 

Charge at the atom 
Compound 

Field 
[a.u.] H13 H14 H15 H16 H17 H18 H19 H20 H21 H22 H23 H24 

0.000 0.133 0.099 0.095 0.113 098 –0.081 –0.026 –0.087 –0.092 –0.069 –0.018 –0.088

0.001 0.139 0.100 0.092 0.110 0.097 –0.074 –0.028 –0.088 –0.096 –0.069 –0.022 –0.087

0.01 0.187 0.116 0.071 0.124 0.098 –0.033 –0.058 –0.077 –0.085 –0.060 –0.063 –0.054
-D-Glcp 

0.05 0.148 0.106 0.093 0.108 0.125 –0.061 –0.077 –0.095 –0.051 –0.075 –0.041 –0.093

0.000 0.109 0.100 0.122 0.117 0.081 –0.056 –0.097 –0.073 –0.064 –0.051 –0.70 –0.035

0.001 0.111 0.103 0.124 0.117 0.078 –0.056 –0.093 –0.075 –0.062 –0.055 –0.069 –0.038

0.01 0.143 0.159 0.137 0.103 0.060 –0.080 –0.071 –0.058 –0.076 –0.068 –0.099 –0.059
-D-Glcp 

0.05 0.241 0.294 0.282 0.045 –0.255 0.061 0.153 –0.079 –0.034 –0.178 –0.268 –0.779

0.000 0.088 0.095 0.098 0.112 0.162 –0.091 –0.091 –0.038 –0.098 –0.060 –0.063 –0.032

0.001 0.085 0.091 0.098 0.112 0.166 –0.094 –0.091 –0.041 –0.095 –0.60 –0.060 –0.029-D-Galpa 

0.01 0.141 0.050 0.099 0.131 0.204 –0.086 –0.108 –0.060 –0.053 –0.070 –0.049 –0.001

0.000 0.104 0.084 0.098 0.127 0.155 –0.048 –0.111 –0.026 -116 –0.073 –0.027 –0.037

0.001 0.101 0.080 0.097 0.127 0.160 –0.050 –0.113 –0.026 –0.111 –0.070 –0.027 –0.037-D-Galpa 

0.01 0.075 0.058 0.091 0.126 0.203 –0.071 –0.132 –0.028 –0.067 –0.040 –0.040 0.020

0.000 0.071 0.167 0.068 0.061 0.176 –0.049 –0.080 –0.068 –0.044 –0.028 –0.044 –0.050

0.001 0.067 0.167 0.072 0.054 0.174 –0.046 –0.076 –0.070 –0.048 –0.035 –0.049 –0.054

0.01 0.136 0.055 0.071 0.048 0.204 –0.055 –0.107 –0.103 –0.033 –0.001 –0.016 –0.003
-D-Frup 

0.05 0.035 0.006 0.114 0.241 0.292 –0.090 –0.337 –0.197 0.136 0.107 0.228 0.107

0.000 0.054 0.067 0.076 0.135 0.178 –0.055 –0.056 –0.035 –0.079 –0.025 –0.041 –0.039

0.001 0.075 0.063 0.095 0.144 0.089 –0.056 –0.052 –0.036 –0.051 –0.036 0.005 –0.036

0.01 0.040 0.069 0.116 0.179 0.092 –0.095 –0.106 –0.047 –0.011 0.002 0.028 0.009
-D-Frup 

0.05 0.056 0.079 0.265 0.288 0.197 –0.396 –0.227 0.091 0.188 –0.002 0.170 –0.068

0.000 0.157 0.080 0.086 0.123 0.090 –0.031 –0.077 –0.042 –0.027 –0.086 –0.065 –0.056

0.001 0.161 0.081 0.087 0.121 0.092 –0.032 –0.075 –0.050 –0.031 –0.083 –0.063 –0.053

0.01 0.149 0.107 0.069 0.092 0.121 –0.060 –0.103 –0.065 –0.027 –0.015 –0.099 –0.25
-D-Fruf 

0.05 0.097 0.066 0.120 0.284 0.327 –0.130 0.119 0.079 0.258 –0.024 –0.125 –0.226

0.000 0.094 0.069 0.086 0.124 0.150 –0.061 –0.064 –0.053 –0.078 –0.062 –0.023 –0.091

0.001 0.096 0.075 0.083 0.122 0.157 –0.068 –0.065 –0.055 –0.075 –0.055 –0.023 –0.088

0.01 0.057 0.115 0.074 0.109 0.195 –0.050 –0.065 –0.040 –0.066 0.004 –0.047 –0.091
-D-Fruf 

0.05 0.367 0.165 0.183 0.097 –1.040 0.054 –0.206 –0.182 –131 –290 0.286 0.324

0.000 0.092  0.147 0.083 0.172 –0.078 –0.060 –0.017 –0.093  –0.031 –0.080

0.001 0.090  0.142 0.085 0.121 –0.070 –0.070 –0.018 –0.089  –0.052 –0.014

0.01 0.130  0.083 0.048 0.152 –0.043 –0.056 –0.058 –0.055  –0.052 –0.014
-D-Ribf 

0.05 0.268  0.285 0.082 –0.056 0.016 0.147 –0.028 –0.253  0.200 –0.092

0.000 0.153  0.142 0.094 0.083 –0.064 –0.060 –0.032 –0.067  –0.064 –0.054

0.001 0.157  0.146 0.089 0.082 –0.061 –0.054 –0.033 –0.071  –0.066 –0.051

0.01 0.158  0.140 0.073 0.074 –0.049 –0.034 –0.069 –0.127  –0.066 –0.004
-D-Ribf 

0.05 0.170  0.289 0.059 0.011 –0.081 0.126 –0.084 –0.389  0.230 –0.042

0.000 0.155  0.088 0.132 0.099 –0.052 –0.083 –0.071 –0.100  –0.061 –0.054

0.001 0.156  0.090 0.127 0.091 –0.048 –0.081 –0.070 –0.103  –0.059 –0.057

0.01 0.190  0.116 0.145 0.053 –0.050 –0.072 –0.070 –0.075  –0.060 –0.055
-D-Xylf 

0.05 0.044  0.292 0.318 0.072 –0.078 0.137 0.106 –0.179  0.026 –0.286

0.000 0.159  0.086 0.127 0.082 –0.045 –0.081 –0.081 –0.049  –0.63 –0.047

0.001 0.163  0.089 0.127 0.082 –0.045 –0.079 –0.081 –0.056  –0.064 –0.49

0.01 0.191  0.103 0.129 0.060 –0.020 –0.055 –0.081 –0.050  –0.052 –0.007
-D-Xylf 

0.05 0.276  0.167 0.188 –0.013 0.075 0.109 –0.249 –0.306  0.228 –0.013

aResults of computation for the 0.05 a.u. field are uncertain for their liability. 
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a.u. field decreases it. 

The reaction of the electron density at H-atoms upon 
the field strength is more regular. The density at H13, 
H15, H18, H22 and H24 decreases with the increase in 
the field strength and regularly increases with that at H14, 
H19 and H23. Such kind irregular variation of the elec- 
tron density is observed at H16, H17, H20 and H21. 

Like in the α-conformer, in the β-D-Glcp conformer 
the lowest electron density among the C-atoms is met at 
C1 atom and the index at C2 is even negative. 

Similarly as in α-Glcp the ring O8 atom is the least 
negatively charged. Among the O-atoms, O7 carries the 
highest electron density. The O-bound H atoms are poor 
in electron density; H15 and H17 have the highest and 
the lowest electron density, respectively. All the C-bound 
H-atoms are rich in the lectron density. H19 and H24 
have the highest and the lowest negative charge indices, 
respectively. The absolute values of the charge indices at 
C3, C5, O7,O12, H13, H14, H15, H22, H23 and H24 
regularly increase with the field strength and the indices 
at C4, C6, O10, H17 and H19 decrease under such cir- 
cumstances. The values of indices at C1, C2, C8, O9, 
O11, H16, H18, H20, H21 vary irregularly with the field 
strength. 

In α-D-Galp anomeric C1 atom in α-D-Galp is poorer 
in electron density than C1 in α- and β-D-Glcps, and C2 
is richer in the electron density than in two latter mole- 
cules. The C3, C4 and C5 atoms are only weakly electron 
deficient. Among the O-atoms, O11 carries the highest 
electron density and O8 is slightly electron deficient as 
shown by a positive charge index. The O-bound H17 and 
H18 atoms have the highest positive charge index and 
the most diffuse electron density is at H13. Among the 
C-bound H atoms H24 and H20 have the lowest negative 
charge index and the highest negative index is found at 
H21, H19 and H18. An regular increase of the absolute 
value of the charge indices along with the field strength 
is noted at C4, C6, O8, O9, H17 and H20 and the regular 
opposite effect suffers the charge index at O7, H14, H23 
and H24. At remained atoms the indices vary with the 
field applied in an irregular manner similarly as in the 
atoms of the molecules discussed above. 

In the β-D-Galp molecule positive index in that mole- 
cule is lower than that in the -conformer. Only these at 
C3 and C5 are weakly positive. Among O-atoms, O10 
and O12 and not O11 carry the highest electron density. 
H17 and H18 atoms are characterized by the highest 
positive charge index and H21 and H19 atoms have the 
highest negative index. Regular decrease of the absolute 
values of the indices with increase in the field strength 
takes place at C2, C3, C4, C6, O7, H13, H14, H15, H16, 
H21, and H22 atoms. An increase of these values along 
with the field strength is noted at C1, O8, O9, O10, O11, 
O12, H17, H18, H19, H20, H23 and H24 atoms. Gene- 

rally, the 0.001 a.u. field has a very weak effect upon the 
electron density at all atoms except O7, O9, O10, H13, 
H14 and H24. The 0.01 a.u. field changes the electron 
density distribution at C5 from weakly positive into 
weakly negative and at H24 from considerably negative 
into considerably positive. 

In the α-D-Frup conformer, there is a relatively low 
positive charge index at C1, C4 and C6 and negative 
index at C2, C3 and C5. O7 and O8 exhibit the positive 
index. The negative indices at O9, O11 and O12 are al- 
most identical and the index at O10 is considerably lower. 
The most positive index is located at H14 and H17, and 
the least and the most negative indices are situated at 
H22 and H19, respectively. Increasing field strength 
turns originally negative indices at C2 and C3 into posi-
tive and positive indices at C4 and O8 into negative. 
Regular increase in the absolute values of the indices 
along with the field strength is observed only for C5, C6, 
O10 and H22 and regular decrease can be seen only for 
O9 and H16. 

The electron density distribution in the β-D-Frup con-
former shows that the carbon atoms in that conformer 
carries relatively low (C1, C4 and C6) or high electron 
density (C2, C3 and C5). The O7 and O8 atoms have 
slightly positive indices. The smallest negative index 
among O- atoms is located at O12. The H16 and H17 
atoms have highly positive index and the lowest negative 
index among C-bound H atoms is located at H21. The 
H22 atom carries the smallest negative index. Applied 
external field can change originally negative index at the 
C2, C4, H22, H23 and H24 atoms into positive and 
originally positive index at C6 and O7 changes into 
negative. Regular increase in the absolute values of the 
indices along with the field strength is observed solely at 
C3, C5, O10, H15, H16, H18 and H20. No regular de-
crease in these values along with the field strength is 
found. 

In the α-D-Fruf conformer a relatively low positive 
index is concentrated at C2 and, to a higher extent at C6. 
Only C5 carries negative index. All O atoms except O12 
are characterized by a considerable negative charge in- 
dex. The largest positive index is located at H13 and H16 
and all C-bound H-atoms are characterized by negative 
indices, the smallest at H18 and H21. The 0.001 a.u. ele- 
ctric field slightly affects original electron density distri- 
bution. The most remarkable effect of that field is recog- 
nized at H13 and the C-bound H-atoms. The 0.01 a.u. 
field turns a weak negative index at O12 into positive but 
at C1, C3, C4 and H21 its effect is either negligible or 
none. The field regularly decreases the positive index at 
C3 and H17, and so increases it at C6 and H14. The 
negative index regularly turns more negative under such 
influence at H18 and H20 and, simultaneously regularly 
becomes less negative at H22 and H24. 



J. Mazurkiewicz, P. Tomasik / Natural Science 4 (2012) 276-285 284 

In the β-D-Fruf conformer a high positive index is lo- 
cated at C1 and C6 and C2 and C3 have negative indices. 
O12 carries the smallest negative index. The lowest posi- 
tive index among O-bound H-atoms is located at H14; 
the smallest index is at H23. The influence of the 0.001 
a.u. field upon the electron density distribution is more 
remarkable in that conformer than in the -conformer. 
That field turns a slightly negative index at O12 into 
positive one and the 0.01 a.u. field turns the sign of the 
index into opposite at C3, C5 and H22. Regular changes 
of the indices along with the field strength are noted at 
C1, C2, C3, O7, O9, O10, O12, H14, H15, H16, H17, 
H21 and H22. 

In α-D-Ribf the indices for C1 and C5 atoms are 
highly positive and at remained C-atoms they are nega- 
tive. All O-atoms except O12 are characterized by nega- 
tive indices and the latter have positive index. Increased 
electric field strength increases that index. The highest 
positive index at O-bound H-atoms is located at H15 and 
H17. Regular changes of the electron density along with 
the field strength occur at C1, C4, O10, O12, H15, H18, 
H20, H21, H23 and H24.  

As compared to the -conformer, in β-D-Ribf, the 
positive at C1 and C5 is significantly lower. Also C2 
atom with negative index in the α-conformer has a weak 
positive index which in the 0.01 a.u. field turns into 
negative. In contrast to other O-atoms O12 has the posi- 
tive index and its sign does not change at the electrical 
field. Regular changes of the index along with the field 
strength are observed at C1, O7, H13, H16, H17, H18, 
H19, H20, H21 and H24. The index at the latter atom is 
particularly sensitive to changes of the field strength.  

In α-D-Xylf all C-atoms in the molecule have positive 
index although at the 0.01 a.u. field the index at C4 
changes into negative. All O-atoms except O12 have 
negative indices. The index at O12 in the 0.001 a.u. field 
turns into negative in order to return into positive in the 
0.01 a.u. field. The indices at C1, C4, C5, H13, H15, H17, 
and H19 vary regularly with the electric field applied. 
The index at H20 is practically insensitive to the change 
of the field strength.  

As compared to the -conformer, in α-D-Xylf the 
positive index at C atoms is lower. The highest positive 
index is located at C5. The C2 atom has negative indices 
regardless the strength of the electric field. That field of 
0.01 a.u. changes the positive index at C3 into negative. 
The O12 atom has positive index. Regular changes of the 
indices with the field strength are observed at C2, O10, 
O11, H13, H15, and H19. The index at H20 is com-
pletely insensitive to the change of the field regardless its 
strength. 

Results of computations imply that saccharides present 
in the living organisms may participate in the response of 
the living organisms to the external electric field affect- 

ing metabolism of the molecules in the body fluids by 
fitting molecules to the enzymes. Structural changes of 
saccharide components of the membranes can influence 
the membrane permeability. Redistribution of the charge 
in the saccharide molecules undoubtedly affects their 
hydration and, hence, the macrostructure of the solutions 
resulting in the viscosity changes and, in the consequ- 
ence, in the transport of the fluid components in tissues 
and across their membranes. 

4. CONCLUSIONS 

1) “Native” plasma and that induced by external elec- 
tric field differ from one another not only by the concen- 
tration of excited species. 

2) Controlled manipulation with external electric field 
can result in adjusting physical and chemical properties 
of organic compounds. 

3) External electric field can affect transport and me- 
tabolism of saccharides in biological fluids and proper- 
ties of biologic membranes. 
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