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The dielectric properties of the eye lens were studied for healthy and alloxane-induced diabetic rabbits in
the frequency range from 500 Hz to 100 kHz electric field and temperatures from 25 to 50 �C. In the full
temperature range, the average relative permittivity and dielectric loss values for a healthy lens are lower
than those recorded for diabetic tissue. Dielectric relaxation of polar amino acids on the alpha-crystallin
surface with a characteristic frequency of 7 kHz in the range of 25–50 �C for healthy and diabetic samples
is accompanied by the activation energy of proton conductivity with an average values of 33 and
39 kJ mol�1, respectively. The permittivity decrement, which characterizes the size of the dielectric dis-
persion with a central relaxation time of 0.023 ms for a diabetic sample, is more than twice as high as for
a healthy sample. Measurements on the rabbit eye lens were carried out at ambient temperature above
and below the physiological range, since these conditions provide an appropriate pattern of dielectric
behavior for the diagnosis of clinical dysfunction of the human lens.
� 2020 The Author. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The influence of external factors such as relative humidity, tem-
perature and electromagnetic radiation on the human and animal
lens can modify the normal functioning of the tissue such as its
transparency, refraction, plasticity and other important features
that determine the quality of the optical signal received by the
retina. Experimental methods provide information on the physical
properties of the lens such as thermal [1,2], optical [3–6], mechan-
ical [7,8] and electrical [9–16] processes occurring at the molecular
level of the lens, which reflect the functioning of healthy and phys-
iologically disturbed tissue. Physical and chemical research on the
lens [17–20] has proven the key role of water in maintaining the
proper structure of crystallins, a unique group of water-soluble
proteins that represent a high level of the total weight of the lens
in the eye of mammals. Water, which has a high dielectric permit-
tivity and the ability to form specific bonds, most strongly affects
the electrical conductivity of ions or protons in the structural lay-
ers of the lens. Reduced water transport through all layers of the
lens causes protein aggregation, which affects the quality of eye
vision. Therefore, maintaining intralenticular solubility and
preventing the aggregation of proteins depends on the activity of
adenosine triphosphate (ATP), the a-crystallin molecule as a
chaperone and the cell membrane of the lens [11,18,21].

The main purpose of this study was to extend our previous
in vitro dielectric measurement of rabbit lenses [22] with further
investigation to the in vivo alloxan-induced diabetic lens in these
animals. This is in line with the procedure for causing hyper-
glycemia in experimental animals by streptozotocin (STZ) or
alloxan. Various studies conducted in the eyes of humans and ani-
mals [23–27] describe changes associated with diabetes in the
structure-function relationship of the lens. Differences between
healthy and diabetic lenses occur in every structural element of
this biological material and result from abnormal glucose metabo-
lism affecting the physiological properties of the lens. In our stud-
ies using dielectric spectroscopy in the a-dispersion region of the
electric field we can analyze the relationship between the molecu-
lar structure and the electrical response of a diabetic lens in a rab-
bit. In addition, the simultaneous effect of electric field and
temperature on tissue during measurements allowed us to com-
pare differences in the mechanism of electrical conductivity,
reflecting the mobility and density of charge carriers between
the healthy and diabetic lens, caused by the thermal interaction
of water with protein particles. To perform these tests, we varied
the lens ambient temperature in the measuring chamber [28] at
values above and below the physiological range, because these
conditions provide an appropriate dielectric behavior pattern for
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the clinical diagnosis of human lens dysfunction. Dielectric spec-
troscopy can also be used in a non-invasive way to assess changes
in the structural proteins of the human lens due to diseases such as
cataracts, diabetic retinopathy, and presbyopia. These initial mea-
surements can be helpful in identifying a patient who requires
early clinical intervention procedures.

However, in vivo responses to the applied electric field to the
electrode-lens system depend not only on the structural phases
of this tissue, as in the state of in vitro, but also on the endogenous
electrical activity of ions between the aqueous humor and the lens.
As a result, it is difficult to accurately assess the magnitude of
polarization and conduction of electrical processes in the lens
in vivo, especially as a function of time. In turn, the next goal of
our research was to use the in vitro dielectric method to discover
drugs or test them on the lenses of rabbits. Therefore, as an exam-
ple, it was necessary to test diabetic rabbit lens in vitro treated
with vitamin K1 to compare the dielectric properties of samples
prepared in this way healthy lens samples. The data obtained
was intended to enable assessment of the role of vitamin K1 as
an anti-cataract agent inhibiting glycation in the lens [26].
Fig. 1. Temperature dependencies of tan d for healthy and diabetic rabbit lens at
2 kHz (▲: healthy;d: diabetic) and 25 kHz (D: healthy;s: diabetic). For each point
n = 10.
2. Materials and methods

In vitro studies of the dielectric properties of lens samples were
performed for a healthy group of 6 rabbits and an experimental
group of 6 alloxan-induced diabetic rabbits. Each group comprised
male animals of 6 months age weighing approximately 3.5 kg. The
experimental group received an intravenous injection of alloxan
into an ear vein to induce diabetes achieving blood glucose levels
in the range 25–31 mmol/L. All animals were euthanised at three
months. The lens was immediately excised and immersed in 0.9%
NaCl. Prior to dielectric measurements, lenses were washed with
distilled water, dried at room temperature and then each lens
(mass ~ 200 mg) compressed at ~ 2 MPa into a disk with a diameter
of 10 mm and a thickness of 1 mm. This mechanical process mod-
ified the complex fiber system of the lens tissue to give an isotropic
structure which also does not contain trapped air which could
affect the dielectric measurement. The resulting disks were cut
into about four rectangular samples with dimensions of about
3 mm � 5 mm � 1 mm.

These solid state samples, with an average water content of 6%
[22], corresponded to room temperature air dried samples pro-
duced at a relative humidity of about 70%. A feature of air dried
samples is the balance of hydration between them and the external
environment. Therefore, to assess the water content of air dried
samples, several healthy and diabetic samples, except for those
intended for dielectric experiment, were placed in a measuring
chamber and the experiment started in the same way as for a rab-
bit lens in our earlier article [22]. During this experiment, the sam-
ples were heated for 1 h at 150 �C, and then cooled to room
temperature, removed from the chamber, weighed, and their
weight loss relative to their weight before measurement corre-
sponded to the water content of these samples. In order to reduce
the polarization of electrodes during electrical measurements, it
was necessary to apply thin layer electrodes to the sample surface.
As a result, across the electrode-tissue system, electrode capaci-
tance could be high compared to lens capacitance. To prepare thin
film electrodes, two surfaces of the test sample were covered with
a small amount of silver paste using a miniature spatula. According
to this procedure, the electrode layer dries quickly due to evapora-
tion of solvents and chemicals present in the paste. After complet-
ing this preparatory procedure, the finished sample-electrode
laminate was placed in a measuring chamber [28] and the dielec-
tric experiment started. The dielectric properties of healthy and
diabetic lenses were obtained on the basis of electrical resistance
(R) and capacity (C) measurement as parameters, also taking into
account the geometry of the sample. Measurements of R and C
were carried out using an impedance analyser (HIOKI 3522–50
LCR) over the frequency range, f, of 500 Hz-100 kHz and at temper-
atures, T, from 25 to 50 �C. The values for relative permittivity e0,
dielectric loss e00 and conductivity r in these samples were calcu-
lated from e0 = Cd/eoS, e00 = d/xeoRS andr = xeoe00, where d = 1 mm
and S = 15 mm2 are the inter-electrode distance and electrode area,
respectively, eo is the permittivity of a vacuum (eo = 8.854 pF/m),
and x is the angular frequency (x = 2pf).

The values of the dielectric parameters for each group of
healthy and diabetic samples are given as the average of 10 mea-
surements (n = 10) with a coefficient of variation (CV) for repro-
ducibility of 5%.

3. Results and discussion

Fig. 1 shows the temperature dependence of the loss tangent,
tan d (=e00/e0), for a healthy and diabetic rabbit lens at selected fre-
quencies of 2 and 25 kHz.

These data reflect the electrical differences between the struc-
tural layers of the lens tissue, such as capsule, epithelium, cortex
and nucleus, which determine the activity of hydrated water.
Therefore, in the temperature range 25–50 �C for both tested lens
types (Fig. 1), changes in tan d values were the result of different
concentrations of water interacting with the surfaces of the com-
ponent phases in the capsule-epithelium-cortical system and in
the cortical-nuclear system of bulk tissue, respectively. Studies of
human and animal eye lenses using various types of magnetic res-
onance imaging (MRI) [29–31] have shown that there is a change
in the ratio of water to protein defined as the gradient refractive
index (GRIN) in these tissues that are lowest at the perimeter of
the lens and then increase towards the center, hence the water
content is highest in the outer cortex and lowest in the nucleus.

This variation correlates with the internal microcirculation sys-
tem of the lens [32] designed to maintain ionic, fluid, and metabo-
lite homeostasis in the tissue, which determines transparency and
GRIN. As a result of an increase in temperature (Fig. 1), the network
of hydrogen bonds breaks around the structural layers of the lens, a
greater number of freely relaxing polar sites results and surround-
ing ions are created, which in turn increases the dissipation of elec-
tricity in the form of heat. Another study [1] using low angle X-rays
on rabbit lens, performed between 20 and 70 �C, showed that
temperature-induced structural change in this tissue is caused by
an increased disruption that corresponds to thermodynamic
entropy.

The results in Fig. 1 also show that at each temperature, the tan
d values decrease for the two samples types in response to the
increasing frequency of the electric field from 2 to 25 kHz. This is
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the effect of shortening the orientational relaxation times, s, of
polar side groups on the protein surface. Thus, the s value of
6 ls at about 25 kHz is thirteen times shorter than the value of
s = 80 ls at about 2 kHz for the dielectric spectra shown in
Fig. 1. In addition, reduction in the translation time of water pro-
tons that hop between the polar sites of the component phases
of the lens tissue is also due to the increase in frequency from 2
to 25 kHz. Recently, dielectric spectroscopy studies of hydrated
powdered proteins with various protein morphologies have also
been interpreted through the process of proton hopping in water
[33].

The main proteins in the capsule and in the other phases of the
lens are collagen IV and crystallin, respectively. According to liter-
ature data [34], polar sites in collagen IV are associated with posi-
tive amino groups and negative carboxyl groups of the side chains
in the main amino acids of the lens capsule, such as lysine (Lys),
hydroxylysine (Hyl) and arginine (Arg), and glutamic acids (Glu).
In the case of crystallin, the polar sites are associated with a-
crystallin, the main protein fraction in the lens of the eye shown
in Fig. 2, as a well-characterized a-crystallin amino acid sequence.

This illustrates the clear distinction between amino acids with
electrically charged side groups and other amino acids. The num-
ber of amino acids with Arg, histidine (His) and Lys basic charged
side groups and with the acid side groups of aspartic acid (Asp),
glutamic acid (Glu) and tyrosine (Tyr) are 27 and 31, respectively.
In turn, Fig. 3 shows the chemical reactivity of selected fragments
of a-crystallin with charged (Arg, His, Glu, Lys) and polar, i.e., glu-
tamine (Gln), asparagine (Asn), cysteine (Cys) and non-polar, i.e.,
phenylalanine (Phe), glycine (Gly), proline (Pro), isoleucine (Ile)
amino acids.

The numerous observed hydrogen bonds that are formed
between a-crystallin residues and water molecules form a favor-
able network for the proton conduction process, which becomes
obvious in respect to dielectric behavior.

Alloxane-treated rabbits showed changes in dielectric proper-
ties. This is indicated by the curves in Fig. 1, where there is a clear
difference in the dielectric behavior of diabetic and healthy tissue
samples in the range 25–50 �C. For a diabetic sample, tan d values
at 2 and 25 kHz are higher than those obtained for a healthy sam-
ple. The gap of loss tangent between healthy and diseased samples
increases with temperature, presumably due to a glycation effect,
which will lead to the greater release of protons through breaking
of hydrogen bonds formed by water on the surface of the protein
molecules. The glycation reaction involves a number of steps. The
first stage occurs between glucose carbonyl groups and free amino
groups on proteins. This reaction usually proceeds with the amino
group of Lys residues, which leads to the next step associated with
the formation of the initial Schiff base, which is converted to a
more stable Amadori product, which then undergoes further reac-
tions with dicarbonyl intermediates. This leads to the final stage of
the formation of advanced glycation end-products (AGEs)
[21,24,25], e.g., pentosidine, as shown in Schematic 1. Pentosidine
is a cross-link formed between Lys and Arg residues on the a-
crystallin surface [35].
Fig. 2. a-crystallin sequence with 173 amino acid residues. Black indicates the
charged amino acids Arg (R), His (H), Lys (K), Asp (D), Glu (E) and Tyr (Y) in
quantities 13, 7, 7, 15, 10 and 6, respectively, in total fifty-eight.
A study of diabetic animal lenses [36,37] indicates that a
marked increase in pentosidine and AGE depends on the glycemic
threshold. However, the participation of the basic Lys and Arg side
groups in the chemical glycation process prevents the formation of
a hydrogen bond of water molecules with these groups. As a con-
sequence, this water can form many hydrogen bonds with other
water molecules. Therefore, such water behavior can be reflected
in Fig. 1 using curves indicating that the number of proton jumps
producing electric energy dissipation will be greater in diabetic
samples, and this gap tan d is quite pronounced at f = 2 kHz with
an electric field period (1/f) longer than that at f = 25 kHz. Because
tan d indicates the ratio of lost electricity (reflected in e00) to energy
saved (reflected in e0) in both materials, the parameters e0 and e00

are presented as a function of temperature for 2 and 25 kHz in
Fig. 4(a). These graphs compare the dielectric behavior of the sam-
ples tested in relation to the mechanism of interfacial polarization
and conduction of ions and protons between the phases of heat -
treated lens. The values of e0 and e00 depend respectively on the
number of relaxing polar sites available for the accumulation of
charge carriers and the number of charges moving freely between
these sites, respectively. The effect of glycation on the e0 and e00 of
the lens at any temperature in Fig. 4(a) confirms 2–3 fold higher
values for these parameters than those recorded for healthy sam-
ples at 2 and 25 kHz. This is due to the higher density of polar sites
in the diabetic lens, which affects the surface charge of the protein-
glucose system under the influence of an electric field. In addition,
both e0 and e00 data for a diabetes sample in the range of 25–50 �C
show that ion or proton conduction dominates the interfacial
polarization, an effect confirmed in Fig. 1 with a greater slope of
the tan d graph than for a healthy sample, especially above 30 �C.

To analyze the mechanism of electrical conduction associated
with the movement of protons in the protein-water system of a
healthy and diabetic lens, the Arrhenius plots of conductivity, r,
versus the inverse of temperature, T�1

, at 2 and 25 kHz are shown
in Fig. 4(b). The Arrhenius equation with Boltzmann energy (kT) in
the form r = roexp (DH/kT), where ro is the pre-exponential factor,
and DH is the activation energy, is appropriate to characterize the
proton-hopping process between polar sites. The DH values for each
curve were obtained

from the slope of the straight line for the temperature range
from 3.35 K�1 (25 �C) to 3.09 K�1 (50 �C). As the temperature rises,
the density of protons increases in both samples as a result

of the reorientation and breaking of the hydrogen bonded net-
work around the protein molecules with a minimum of DH. The
r values for the diabetic samples at any temperature are higher
than the values recorded for healthy samples as a result of the
increase in hydrogen-bound networks between the surface of the
structural tissue phases and this in turn causes an increase in pro-
ton mobility correlated with shorter distance between sites that
can be occupied by jumping protons.

Arrhenius analysis in Fig. 4(b) showed that for healthy and dia-
betic samples DH values at 2 kHz are 0.41 eV (40 kJ mol�1) and
0.45 eV (44 kJ mol�1) and fall to 0.30 eV (29 kJ mol�1) and
0.36 eV (35 kJ mol�1) at 25 kHz. The differences in DH between
both materials indicate that more energy is needed in the diabetic
sample to release not only protons that would also be present in a
healthy sample but also additional chemical components such as
AGEs in the modified protein-water lens system. Our previous
in vitro studies [38] on the nail plate have also shown that hyper-
glycemia causes an increase in DH conductivity compared to non-
diabetic nails. However, in the range 25–60 �C, for example, at
2 kHz, DH = 25 kJ mol�1 and DH = 34 kJ mol�1 for healthy and dia-
betic nails, respectively, are lower than those obtained for the eye
lens. This behavior may be due to the lower density of polar sites
and protons in the nail, resulting from other structural elements
than in the lens.



Fig. 3. Schematic representation of a-crystallin with a 6 amino acid fragment at positions 99–104 (KHNERQ) and 141–146 (FCGPKI). KHNERQ and FCGPKI refer to the peptide
Lys-His-Asn-Glu-Arg-Gln and Phe-Cys-Gly-Pro-Lys-Ile according to Fig. 2. An example of hydrogen bonds (∙∙∙∙∙∙) and ionic bond ( � � �).
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Schematic 1 also shows S-S disulfide bonding between the side
chains of two cysteine residues as a result of non-enzymatic glyca-
tion. Because polar amino acid residues aremainly found on the sur-
face of protein molecules [39], so also cross-linking of Lys-Arg and
Cys-Cys residues on the surface of a-crystallin molecules can affect
the capsule-epithelium-cortex-nucleus interaction with water.
However, the differences between the dielectric behavior obtained
in these two materials may depend mainly on the cortex and
nucleus. This is due to the distribution of protein density in the lens
of the eye, which is the lowest in the periphery and increases
towards the center of the lens [40,41]; this behavior is accompanied
by a decrease inwater content. Consequently, a greater contribution
to the dielectric response will come from the cortical zone.

Fig. 5(a and b) shows a comparative analysis of the frequency
dependence on the parameters e0, e00 and r for both materials in
the full frequency range from 500 Hz to 100 kHz electric field at
a temperature of 36 �C, which corresponds to physiological
conditions.

These spectra illustrate that the effect of glycation on the lens
leads to an increase in the dielectric properties of this tissue, which
in turn affects the intensity of polarization and conduction pro-
cesses also observed in Fig. 4 at two selected frequencies in the
range of 25–50 �C. Data obtained below and above 2 kHz in
Fig. 5(a) are due to interfacial polarization between the absorbed
water and the polar region of the protein surface in the capsule-
epithelium-cortex system and in the cortex-nucleus system of bulk
tissue, respectively. In addition, the interfacial polarization in these
two frequency ranges correlates with conductivity, the value of
which is almost constant to 2 kHz, and then increases rapidly
above 2 kHz for both samples, as shown in Fig. 5(b). Thus, the effect
of water on the dielectric parameters below 2 kHz in Fig. 5(a) is
interpreted as low frequency dispersion (LFD) in the form e0 ~ f�n

and e00 ~ f�k with exponents n = 0.2 and k = 0.6. However, these
spectra show that a similar slope for both samples is associated
with a higher density of polar sites and free ions or protons
between the surfaces of the structural layers of the diabetic lens
compared to the healthy lens.

Results above 2 kHz in Fig. 5(a and b) are interpreted using the
Cole-Cole function:

e� ¼ eh þ De
1þ ðjxsÞð1�aÞ

ð1Þ

Where e* (e* = e0 - je00) is the complex permittivity, eh is the
high-frequency limit of relative permittivity at 100 kHz, De is per-
mittivity decrement characterizing the magnitude of dielectric dis-
persion, s is the relaxation time (s = 1/2pfc), fc is the characteristic
frequency, and a denotes the degree of broadening of the disper-
sion spectra. Previously, the Cole-Cole equation was also used to
study the electrical properties of frog [13] and goat [14,15] lenses
in the range from 500 Hz to 500 MHz and from 10 mHz to 10 Hz,
respectively. These results show the characteristic frequency fc for
a frog at 2 kHz and 2 MHz, and at 1 Hz for a goat.



Schematic 1. Scheme of pentosidine formation as one of the advanced glycation end products (AGEs) of the crystalline fragment.

Fig. 4. Temperature dependencies of (a) log e’ and log e00 , and (b) Arrhenius plots of
ln r for healthy and diabetic rabbit lens at 2 kHz (▲: healthy; d: diabetic) and
25 kHz (D: healthy; s: diabetic). Thin and bold lines in (a) indicate e0 and e00 ,
respectively.

Fig. 5. Frequency dependencies of (a) log e0 (▲: healthy; d: diabetic) and log e00 (D:
healthy; s: diabetic), and (b) r (▲: healthy; d: diabetic) for healthy and diabetic
rabbit lens at 36 �C. Solid lines in (a) indicate low frequency dispersion (LFD).
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To study the differences between healthy and diabetic tissues,
based on the results above 2 kHz at 36 �C (Fig. 5) are shown in
Fig. 6 plots of e00 against e0 as a Cole-Cole representation also at
25 and 45 �C.

To obtain these spectra, it was assumed that rl is the low
frequency conductivity limit at 2 kHz, so the dielectric loss e00
(imaginary parts e*) is given as (r-rl)/xeo. The value of De
increases with increasing temperature in the range of 25–45 �C
for healthy and diabetic tissues. For both samples, these data show
semicircular behavior with one characteristic frequency fc of about
7 kHz (s = 23 ls), which appears to be independent of temperature.
For comparison, in the 0.2–20 GHz frequency range in aqueous



Fig. 6. Cole-Cole plots of e00 against e0 for healthy (d: 25 �C, ▲: 36 �C and j: 45 �C),
and diabetic (s: 25 �C, D: 36 �C and h: 45 �C) rabbit lens.

Table 1
Dielectric parameters De, Dr and a for healthy (n = 10) and diabetic (n = 10) groups
at 25 �C, 36 �C and 45 �C, and in the range of 2–100 kHz.

lens T/oC De Dr/nS cm�1 a

healthy 25 4 59 0.63
diabetic 25 9 117 0.50
healthy 36 5 79 0.57
diabetic 36 12 169 0.46
healthy 45 7 99 0.62
diabetic 45 18 229 0.48
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solutions at room temperature, the amino acid as the basic struc-
tural element of the protein has a relaxation time s, which corre-
sponds to a picosecond time scale [42,43]. Examples of this are
Lys, Arg and Gly, with s values 127.6, 159.9 and 33.4 ps, respec-
tively. This means that low molecular weight Lys (146 Da), Arg
(174 Da) and Gly (75 Da) determine the shorter s in response to
the applied electric field than a-crystallin with a molecular weight
in the range from 300 to over 1000 kDa [44]. As shown in Fig. 6, dif-
ferences in dielectric behavior between these two sample types
showed as higher spectra in diabetic compared to healthy samples.
This indicates that, as below 2 kHz, the diabetic lens response to an
electric field in the range of 2–100 kHz is also greater in crystallin-
glucose-water complexes in bulk tissue than in the case of the non-
diabetic lens. In addition, the process of relaxation of polar residues
on the protein surface at fc = 7 kHz in the range of 25–45 �C for
healthy and diabetic samples is accompanied by the calculated
activation energy DH of proton conductivity of fc, 33 kJ mol�1

and 39 kJ mol�1, respectively. Therefore it means, that for diabetic
samples, due to the possible increase in the number of hydrogen
bonds formed by water, a higherDH value is needed to break these
bonds with an increase in temperature compared to healthy sam-
ples. Table 1 compares for both samples in the range of 2–100 kHz,
the magnitude of relaxation De and Dr (=r � rl), as well as the
parameter a obtained from the fitted curves to Eq. (1) in Fig. 6.

The data in Table 1 show that at 25, 36 and 45 �C the values of
De and Dr dielectric dispersion with a central relaxation time of
s = 23 ls (fc = 7 kHz) for a diabetic sample are more than two times
higher than the values shown by a healthy sample. This indicates
that hyperglycemia causes an increase in the number of relaxing
active sites and free protons in lens protein molecules. For the ana-
lyzed dispersion of both samples, the Cole-Cole parameter a in the
range of 0.46–0.63 showing a broad distribution of relaxation
times is the result of differences in the molecular density of crys-
talline and water in the bulk cortical-nuclear system. Thus, in the
cortical region, the intensity of interfacial polarization decreases
to a minimum in the nuclear region due to the reduction in the size
of polar surfaces involved in the ion and proton charging process.
The nucleus region consists of more closely packed crystalline
molecules with a lower water content than in the cortex. The more
diffuse intermediate zone between the cortex and the nucleus can,
accordingly, be considered the interface responsible for the
observed wide distribution of the relaxation behavior of the lens.
4. Conclusion

The effect of glycation on the dielectric parameters of the lens at
any temperature is the result of a greater number of polar sites
than in a healthy sample, which affects the mechanism of polariza-
tion of protein molecules on the surface and within this tissue
under the influence of an electric field. Similarly, the mechanism
of electrical conductivity associated with the movement of protons
or ions is more intense in diabetic lenses compared to healthy tis-
sue due to the non-enzymatic glycation of a-crystallin molecules
mainly using Lys and Arg residues. Hyperglycemia causes an
increase in conduction activation energy compared to a non-
diabetic lens, indicating that additional energy is needed to release
electric charge carriers between the advanced glycation end-
products (AGEs). Based on dielectric measurements of the diabetic
lens in rabbits, it is possible to identify proton conduction and
interfacial polarization, two important relaxing processes that will
also affect the physiological integrity of the human lens. Our work-
ing hypothesis, in relation to planned dielectric measurements on
powdered human healthy and diabetic cadaveric lens, is that glyca-
tion leads to an increase in the dielectric properties of the human
lens, as in the case of the rabbit lens. In addition, further lens test-
ing is needed to determine if there is a surface roughness effect due
to tissue powdering in these dielectric measurements. Such future
studies should also confirm whether the preparation of a solid
sample from powder form has the same integrity and effect on
dielectric measurement as the solid rabbit lens.
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