
Gen. Physiol. Biophys. (1996), 15, 225—238 225 

Characteristics of the Ventricular Transient Outward 
Potassium Current in Genetic Rodent Models of Diabetes 
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Department of Physiology, University Medical School of Debrecen, 
H-4012 Debrecen, P.O. Box 22, Hungary 

A b s t r a c t . The whole-cell configuration of the patch-clamp technique was employed 

to measure the transient outward potassium current in enzymatically isolated ven

tricular cells of spontaneously diabetic rats (BB/Wor) and mice (ob/ob) . Healthy 

l i t termates (non-diabetic BB rats and lean mice) were used as controls. There was 

no significant difference between the non-diabetic and diabetic BB rats (Type I 

diabetes, IDDM) in the amplitude of either the current measured in the absence or 

the one found in the presence of 4-aminopyridine. The voltage dependence of the 

activation and steady-state inactivation was also similar in both populations, as 

no significant difference was observed in the rate of recovery from inactivation of 

/to- The amplitudes of the total and 4-aminopyridine sensitive currents of lean and 

obese mice (Type II diabetes, NIDDM) were also similar. The voltage dependences 

of the activation and of the steady-state inactivation did not differ significantly, 

either. Our results might indicate certain limitations of the applicability of experi

ments carried out on genetically diabetic rats if the results are compared to those 

derived from the healthy li t termates as controls. 

K e y words: BB/Wor rat — Ob/ob mouse — Ventricular cardiomyocytes — Tran

sient outward potassium current — 4-aminopyridine 

In troduc t ion 

The altered contractility is an early and obligatory finding in diabetic cardiomyopa

thy (Fein et al. 1980; Tomlinson and et al. 1992). Modifications of different steps 

in the excitation-contraction coupling might be responsible for the development 

of this phenomenon. A great body of evidence has accumulated in the recent two 

decades indicating changes in the intracellular calcium homeostasis and in other 
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cellular biochemical functions (for a summary see Nagano and Dhalla 1992). Al

terations in the contractile activity may originate also from modifications of the 

surface action potential (Nobe et al. 1990; Tomlinson et al. 1992). The working 

myocardium of rats and mice has an action potential with no plateau phase in 

control animals (Watanabe et al. 1983; Schouten 1984; Nobe et al. 1990; Magyar 

et al. 1992) but a plateau-like prolongation has been reported in diabetic animals 

by several authors (Fein et al. 1983; Nobe et al. 1990; Magyar et al. 1992). 

It is well known that the transient outward potassium current (/to) plays an 

important role in the repolarization of cardiomyocytes along with other t ime de

pendent current components (Josephson et al. 1984; Escande et al. 1985; Benndorf 

and Nilius 1988; Shibata et al. 1989; Heidbuchel et al. 1990; Apkon and Nerbonne 

1991; Nánási et al. 1992). The Ito present in cardiac cells has two components: 

apart from a Ca 2 + - independent component a Ca 2 + -dependent one can also be ob

served which can be inhibited by the application of C o 2 + . The significance of the 

transient outward current is prominent in rats and mice, but it contributes to 

the repolarization of human myocytes as well. We have demonstrated previously 

tha t in streptozotocin-(STZ) induced diabetes, the ampli tude of the transient out

ward potassium current decreased and the inactivation of these channels became 

faster (Magyar et al. 1992). It is generally accepted tha t STZ-diabetes is a "chem

ical model" of diabetes (Fein et al. 1981; Schaible et al. 1983; Tomlinson et al. 

1992), with the B cells of the Langerhans islets destroyed. This model corresponds 

to type I diabetes mellitus (Insulin Dependent Diabetes Mellitus, IDDM). How

ever, the question arises whether the damage is restricted to only the B-cells, and 

whether the apparently diabetes-related changes may be due to direct toxic effects 

of STZ. Although the fact tha t modifications observed in STZ-diabetes proved to 

be partly reversible by insulin t reatment (Fein et al. 1981; Schaible et al. 1983; 

Magyar et al. 1995) argues against the role of toxic side effects, it seemed reason

able to study if the previously reported changes in Ito can be noticed in genetically 

diabetic (BB/Wor) rats , where the side effects of STZ can be excluded. In these 

animals, IDDM is caused by an autoimmune process (Eisenbarth et al. 1988) and 

the susceptibility is hereditary (Butler et al. 1988). 

To extend our study to type II (Non-Insulin Dependent) diabetes mellitus 

(NIDDM), a genetic model of this disease was also employed (C57 obese diabetic 

(ob/ob) mice; Westman 1968; Herberg and Coleman 1977; Bray and York 1979). 

Our results indicate tha t neither the tota l nor the 4-aminopyridine-sensitive 

7 t o density decreased in genetically diabetic animals if compared to the l i t termates 

which did not show diabetic syndromes at the t ime of the experiment. In addi

tion, no differences in the steady-state activation and inactivation were observed. 

However, the interpretation of these da ta is complicated because of the nature of 

the genetic diabetes in the two species studied. Moreover, the presence of various 

factors which could not be taken into account (insulin t rea tment , varying glucose 
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level, etc.) in the present work also made the interpretation of the da ta difficult. 

These uncertainties might be overcome in the future by more specifically designed 

experiments. 

Mater ia l s a n d M e t h o d s 

Animals, nomenclature 

BB/Wor ra ts were purchased from Mollegaard Breeding Centre Ltd. (Ejby, Den

mark) , the BB/Wor /Mol -BB colony, and one further generation was bred in our 

vivarium. Hyperglycemia developed in 36 rats before the 12 t h week of their lifetime 

(corresponding to 92% incidence). Without proper insulin t reatment , the diabetic 

rats fell into hyperglycemic coma and died within 24-48 hours, hence these animals 

had to be t reated with insulin (0.5-5 IU/day /an ima l , Ultralente, Novo Industri AS, 

Copenhagen). The daily dosage was adjusted on the basis of the blood glucose lev

els (checked twice a week). Whenever the te rm "diabetic rat" is used herein, it 

always refers to animals in which diabetes developed and was controlled by insulin. 

Diabetes persisted and insulin t reatment was administered for 4-10 weeks. The age 

of the rats used for the present work was 12-24 weeks; their blood glucose levels 

and weights varied between 18-22 mmol/1 and 170-350 g, respectively, during the 

period of the experiment. Animals served as controls in this series of experiments 

which did not show symptoms of diabetes until week 18 of the lifetime. The age 

of these rats was 18-24 weeks, their blood glucose levels and weights varied be

tween 5-7 mmol/1 and 290-405 g, respectively (n — 3) immediately prior to the 

experiment. 

Genetically diabetic mice were bred in our vivarium. In these experiments, 

the lean animals were used as controls, referred to as "controls" or "lean mice". 

(Their homozygous + / + or heterozygous o b / + genetic status was not taken into 

account). The diabetic homozygous ob /ob animals are referred to as "obese mice" 

throughout. All animals used (7 obese and 10 control mice) were 6-7 month-old, 

their body weights varied between 50-60 g and 20-25 g, respectively. The obese 

mice were in a moderate hyperglycemic s ta te in comparison with the lean ones 

(serum glucose level ranged between 9 and 14 mmol/1 in obese, and from 5 to 9 

mmol/1 in control animals, measured at the t ime of the experiment). These values 

are in good agreement with previous findings (e.g. Lord and Atkins 1985). 

Cell isolation and incubation 

Ventricular cardiomyocytes were isolated using procedures described previously 

(Magyar et al. 1992). The animals were killed wi th a blow on the neck, the hear ts 

were removed and perfused on a Langendorff column m three steps. The solutions 

were oxygenated continuously, and their tempera ture was kept at +37°C. The 

chemicals were purchased from RE ANAL (Budapest , Hungary) and from SIGMA 
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(St. Louis, Mo, USA). In the first step, Tyrode's solution with reduced C a 2 + content 

(in mmol/1: NaCl, 150.0; KC1, 5.4; MgCl2 , 0.5; CaCl2 , 1.0; HEPES, 5.0; glucose, 1.1; 

pH set to 7.2 using NaOH) was applied for 2-3 minutes in order to wash out blood 

of the coronary vessels. In the second step, nominally Ca2 +-free Tyrode's solution 

was perfused for 5 min, while in the last step 180 /nmol/l C a 2 + and 5-8 mg/40 

ml collagenase (Type I, SIGMA) containing Tyrode's solution was used for 20-35 

min (usually longer digestion t ime was needed in rats than in mice). The portions 

of cell suspension were separated and stored in an incubating solution (in mmol/1: 

KC1, 85.0; K H 2 P 0 4 , 30.0; MgCl2 , 3.0; glucose, 10.0; K-glutamate, 16.0; EGTA, 

0.5; KHCO3, 3.0; pyruvic acid, 5.0; HEPES, 10.0; taurine, 20.0; pH adjusted to 7.4 

with KOH) at +5°C at least for one hour. 

The measurements were carried out at room tempera ture in a measuring cham

ber placed on the stage of an OLYMPUS CK-2 inverted microscope. The current 

measurements started in 2.0 mmol/1 C a 2 + , 20 yumol/l T T X and 3.0 mmol/1 C o 2 + 

containing Tyrode's solution. In some experiments, 3.0 mmol/1 4-aminopyridine 

(4-AP) was applied. 

Voltage clamp experiments 

To study the ion currents, the whole-cell clamp configuration of the patch clamp 

technique was employed (Hamillet al. 1981). The microelectrodes were made of thin 

walled Pyrex glass capillaries (Clark Electromedical Instruments , UK), and had a 

3-5 MÍŽ resistance when filled with the internal solution (in mmol/1: K-aspartate , 

130.0; KC1, 20.0; KH0PO4, 1.0; MgCl2 , 1.0; EGTA. 5.0; Na 2 -ATP, 3.0; HEPES, 5.0; 

pH set to 7.3 with KOH). Currents were recorded by either an AXOPATCH-1D 

or AXOPATCH-200 amplifier (Axon Instruments, Foster City, CA). Pulse control 

and da ta acquisition were performed by IBM PCs equipped with a Labmaster 

TM40 12 bit AD/DA converter (Scientific Solutions, Foster City, CA), and using 

the pCLAMP 5.6 software (Axon Instruments, Foster City, CA). The sampling rate 

varied between 2.8 and 33 kHz. 

Data analysis, statistics 

Membrane capacitance of the cells was determined by symmetrical 5 mV steps 

from the holding potential of —85 mV. The leakage current was determined by hy-

perpolarizing pulses of 5 mV, and the linearly extrapolated values were subtracted 

from the current traces at the s tar t of the analysis. The current amplitudes were 

measured as deviation from the zero current level except when determining the size 

of the inactivating component (see Results). 

The fitting procedures were based on a \ 2 minimizing Levenberg-Marquardt 

algorithm (Schreiner et al. 1985). In the cases of the steady-state inactivation and 

the rate of recovery from inactivation, the fitted parameter values were grouped 

into a histogram. The bin width of this histogram was constant , and its bar height 
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represented the total number of points found in the given interval, divided by 
the total number of the points and by the bin width. This histogram, which was 
similar to Gaussian distribution, was fitted by the probability density function of 
the Gaussian distribution: 

f(x) = ((27ra2)-0-5 • exp(-(s - m) 2 /(2a 2 )) (1) 

where m is the mean value, and a is the standard deviation. 
All data in this paper are given as mean ± SD. The error bars in the Figures 

represent SD unless indicated otherwise. Student's paired and unpaired r-tests were 
used for statistical analysis. 

The steady-state inactivation of the / t o was determined by a pulse protocol 
where a constant, 700 ms long test pulse with an amplitude of +50 mV was preceded 
by a prepulse of 700 ms duration. The prepulse potential varied between —100 and 
0 mV with 10 mV steps. The amplitude of the / t 0 , which was evoked by the 
test pulse, was determined as the difference between the peak and the current 
measured at the end of the 500 ms long depolarizing stimulus. These amplitudes 
were normalised to the maximal value measured with the —100 mV prepulse. The 
non-inactivated ratios calculated in this way (/?„,) were averaged and plotted as a 
function of the membrane potential during the prepulse. The data points belonging 
to the individual cells were fitted by the equation 

Än, = l / ( l + e x p ( ( V p - F S 0 ) / a ) ) (2) 

where Vp and Vjo are the prepulse potential and the half-inactivation membrane 
potential, respectively, and s is the slope factor. 

The rate of recovery from inactivation of IUi was determined by a double pulse 
protocol, too. Both pulses had the same parameters (depolarization of +50 mV 
with a duration of 700 ms from a holding potential of —85 mV), whereas the time 
interval between them changed from 1 to 400 ms. The size of the peak current 
was measured as described before. The peak value during the second pulse was 
divided by that belonging to the first pulse, and the reactivated ratios (/ž1Pact) were 
averaged. To describe the kinetic behavior of the recovery, data of the individual 
myocytes were fitted to the equation 

•Rreact - i?max[l ~ e x p ( - ť / r ) ] (3) 

where /ž m a x is the maximal reactivated ratio in a given cell, t is the interpulse 
interval and r is the time constant of the recovery. 
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Results 

Characterization of the Ito in BB/Wor rats 

Characteristic features of the / t o in non-diabetic and diabetic BB rats are illustrated 

in par ts A and B of Fig. 1, respectively. The values were normalised to the whole-

cell capacitance (the cell capacitance was 164 ± 37 p F in non-diabetic ra ts , and 

202 ± 34 pF in diabetic animals). The currents were evoked by test pulses of 500 

° -100 -50 0 50 
Membrane potential [mV] 

E S i.o 

0 250 500 
Interpulse interval [ms] 

Figure 1. Current traces obtained on depolarization from ventricular cardiomyocytes of 
a non-diabetic (A) and a diabetic BB rat (B). Broken lines indicate zero current level. 
C: Current-volt age relationships of the peak (circles) current and the current measured 
at 500 ms (squares). Data points represent the average of 19 individual values in the 
cases of controls (open symbols) and 33 values in the cases of diabetic BB rats (filled 
symbols). There is no significant difference between non-diabetic and diabetic animals. 
D: Membrane potential dependence of activation and steady-state inactivation. Activation 
was determined in 19 cells in control (open squares) and in 33 myocytes in diabetic rats 
(filled squares), steady-state inactivation was calculated in 5 cells from non-diabetic (open 
circles) and in 9 cardiomyocytes from diabetic animals (filled circles). The continuous 
(control) and the broken lines (diabetes) were constructed using Eq. (2). The symbols 
represent mean ± SE. E: Time course of the recovery from inactivation of Jt» (at —85 
mV). Data points represent 3 control cells (open circles) and 9 diabetic myocytes (filled 
circles). The continuous (control) and the broken lines (diabetes) were constructed from 
Eq. (3). The error bars are omitted for proper visibility. 
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ms duration from a holding potential of —85 mV to voltages between —50 and +50 

mV in 10 mV increments. The test pulse was always preceded by a prepulse with a 

durat ion and amplitude of 7 ms and —20 mV, respectively, in order to inactivate the 

TTX-insensitive N a + current. The comparison between the I-V curves presented 

in part C of Fig. 1 proves tha t neither the peak current of the / t o nor the current 

measured at 500 ms of diabetic BB rats differ significantly from those found in 

control animals. 

The steady-state inactivation of the / t o (Fig. ID) was determined by a tech

nique described in the Material and Methods section. V50 was —32 ± 7 mV for 

non-diabetic and —41 ± 10 mV for diabetic cells, the shift is statistically not sig

nificant. The slope factor was not significantly different either (5.3 ± 0.9 mV for 

non-diabetic and 5.1 ± 0.9 mV for diabetic cells). 

When deriving the voltage dependence of the activation of the / t o , first the 

conductances (g(V)) were calculated for the individual cells. The peak values of the 

/ t o were divided by the driving force (the difference between the actual membrane 

potential and the holding potential (Vp — VH', Tytgat et al. 1990). The obtained 

da ta were fitted to the term on the right side of Eq. (2). The value of the slope 

factor was —19 ± 7 mV for diabetic ra ts and —20 + 9 mV for non-diabetic animals, 

the difference was not significant. 

Values of gmai were 55 ± 17 p S / p F and 49 ± 22 pS /pF , and the half-activation 

voltages were —8 ± 16 mV and —1 + 11 mV for non-diabetic and diabetic rats , 

respectively. Neither of the above differences was statistically significant. 

The parameters obtained in order to compare the recovery from inactivation 

of the / t o were not statistically different in the two groups of animals: the / ž m a x 

values were 0.95 ± 0.05 and 0.93 ± 0.07, and the t ime constants were 38 + 7 ms and 

45 ± 15 ms for the non-diabetic and diabetic myocytes, respectively (Fig. IE). 

Characterization of the Ito m cells from lean and obese mice 

Analysis of the / t 0 in murine cells was carried out using the same experimental 

protocols and the same evaluation methods as described for the BB rats. The results 

of this analysis are presented in Fig. 2. Par t s A and B show the current families in 

cells of a lean and an obese mouse, respectively. (The mean cell capacitance was 

134 ± 55 p F for the lean, while 98 ± 37 p F for ob /ob mice.) When constructing the 

I-V relationships (part C), the end-pulse current (measured at 500 ms) was also 

determined. No difference was found between the lean and the obese mice either in 

the ampli tude of the / t o or in the current measured at 500 ms. 

Par t D of Fig. 2 illustrates the membrane potential dependence of activation 

and steady-state inactivation of / t o . The analysis of the da ta did not establish any 

significant differences between the two groups of animals. In the case of the steady-

state inactivation, the half-inactivation voltages (obtained by Eq. (2)) were —45 + 5 

mV and —42 ± 5 mV, and the slope factors were 7.6 ± 0.8 mV and 8 + 2 mV for 
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Figure 2. Current traces obtained on depolarization from ventricular cardiomyocytes of 
a lean (A) and an obese mouse (B). Broken lines show zero current level. C: Current-
voltage relationships of the peak (diamonds) curient and the currents measured at 500 
ms (triangles). The data points provide the average of 24 control cells (open symbols) 
and 13 myocytes from obese animals (filled symbols). There is no significant difference 
between lean and obese animals. D: Membrane potential dependence of activation and 
steady-state inactivation. Activation (triangles) and steady-state inactivation (diamonds) 
were determined in 24 cells from lean (open symbols) and in 13 myocytes from obese mice 
(filled symbols). The continuous (control) and the broken lines (diabetes) were constructed 
using Eq. (2). The symbols represent mean ± SE. 

lean and obese mice, respectively. The activation was calculated as described in 

the Fig. 1. The maximum conductance was 136 ± 33 p S / p F for lean and 152 ± 42 

p S / p F for obese mice. These values are considerably larger than the corresponding 

ones obtained for BB rats . The half-activation voltages were 1 + 6 mV and —6 ± 8 

mV, the absolute values of the slope factors were 15 + 5 mV and 20 + 7 mV for 

lean and obese animals, respectively. 
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Separation of the 4-AP-sensitive current 

The data described in the previous sections indicate tha t there is no appreciable 

change in the magnitude of the / t o contrary to the considerable decrease found in 

rats, where diabetes was initiated by STZ t rea tment . In this series of experiments, 

the pharmacological analysis was limited to the separation of the 4-AP-sensitive 

non-diabetic diabetic 
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Figure 3. Separation of the 4-AP-sensitive current components in BB rats, in the case of 
cardiomyocyte from a a non-diabetic and a diabetic animal. The current traces were ob
tained using the pulse protocol described in the legend to Fig. IA, in Tyrode's solution (A), 
and between min. 10 and 13 of 3 mmol/1 4-AP application (B). The lower families repre
sent the differences between the above two families and, consequently, the 4-AP-sensitive 
component (C). The broken line indicates zero current level in each case. D: Current-
voltage relationships of the 4-AP-sensitive (circles) and 4-AP-insensitive (squares) cur
rents in cells from non-diabetic (open symbols, n = 5) and diabetic (filled symbols, n = 14) 
BB rats. There is no statistically significant difference between the two groups of animals. 
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current, which emerged as a major target of the STZ-related modifications (Magyar 

et al. 1992). 

During the separation, first a current family in the control extracellular solu

tion was recorded. Following this, 3 mmol/1 4-AP was added to the bath, and the 

same pulse protocol was applied again. The traces recorded in the presence of 4-AP 

were then subtracted from those obtained in Tyrode's solution, and the difference 

curves are termed "4-AP-sensitive current". 

This procedure is illustrated in parts A and B of Fig. 3 in the cases of car-

ob/ob mouse 

B 

D 

50 [mV] 

Figure 4. Separation of the 4-aminopyridine current components in cells from a lean 
and an obese mouse. The total (A), 4-AP-insensitive (B) and 4-AP-sensitive (C) traces 
were constructed as described in the legend of Fig. 3. D: Current-voltage relationships of 
the 4-AP-sensitive (diamonds) and 4-AP-insensitive (triangles) currents in cells from lean 
(open symbols, n = 7) and obese (filled symbols, n = 4) mice. There is no statistically 
significant difference between the two groups of animals. 
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diomyocytes of a non-diabetic and a diabetic BB rat , respectively. The transient 

component proved to be entirely 4-AP-sensitive, leaving only a small steady-state 

component. Moreover, part C of the Figure shows tha t there is no difference be

tween the non-diabetic and the diabetic ra ts regarding the size of the 4-AP-sensitive 

components. 

This procedure was carried out in mice as well, repeating step by step the 

method described for rats . Fig. 4 presents the total , the 4-AP-insensitive, and the 

4-AP-sensitive traces (from top to bo t tom) . The transient component proved to 

be entirely 4-AP-sensitive in this case, too. Unlike in rats, however, the slowly 

inactivating current was partly inhibited by the channel blocker. 

Discuss ion 

Diabetes in rats - IDDM 

The electrophysiological changes in type I diabetes (IDDM) evoked in Wistar ra ts 

by application of STZ were characterized by a decreased amplitude of / t o as well 

as by an increased inactivation speed of the surviving conductance (Magyar et al. 

1992). These changes seemed to be absent when comparing the values of these 

parameters measured in diabetic BB rats to those found in non-diabetic animals of 

the same strain. This finding is similar to the report of Rodrigues et al. (1989) who 

did not establish any significant difference in the C a 2 + t ransport in the sarcoplasmic 

reticulum between low-dose insulin treated diabetic BB rats and their non-diabetic 

l i t termates. When interpreting this finding, however, two main issues have to be 

pointed out. 

First, it is uncertain to which extent the non-diabetic rats can be considered 

as "healthy" controls. The BB/Wor model was developed from Wistar rats by a 

mutat ion (Chappel and Chappel 1983), and the incidence of the IDDM in these 

animals is rather high due to an autoimmune process destructing the B cells in the 

Langerhans islets (Eisenbarth et al. 1988). The appearance of the disease is typical 

at the age of 8-12 weeks (Hansen 1989), and it is characterised by severe hyper

glycemia and loss of body weight (Herberg and Coleman 1977). If the symptoms 

are absent after this age, the animal is used as control, but it still can be a potential 

diabetic one, and it is impossible to check whether manifest diabetes would have 

occurred some days after the experiment. 

It is important to point out that when the size of / t o found in BB rats was 

compared to that measured in Wistar rats , values for both the diabetic and the 

non-diabetic animals were very similar to those obtained for STZ-diabetic animals 

(Magyar et al. 1992). This accord may be incidental, but it may also indicate tha t 

alterations similar to those caused by STZ are present in the BB rats independently 

of whether clinical symptoms of IDDM have or have not developed. 

The second problem with respect to the comparison is the insulin t reatment 
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of the diabetic BB rats . The STZ-diabetic rats survive for months without any 

intervention, probably due to incomplete destruction of the B cells by the STZ 

doses applied (Rerup 1970). The diabetic BB rats, however, fall into hyperglycemic 

coma and are lost unless insulin is regularly administered. It is known tha t insulin is 

capable of normalising several altered parameters, including the decreased density 

of / t o , in STZ diabetic rats (Fein et al. 1981; Schaible et al. 1983; Magyar et al. 

1995). The lack of difference between the two groups of BB rats, therefore, may be 

due to the insulin t rea tment itself. 

The / t o changes are likely a result of a membrane disorder which is typi

cal of IDDM. Such a generalized membrane disfunction is supported by the fact 

that even non-diabetic BB rats may suffer from other diseases like hypothyreosis 

(Rajatanavin et al. 1991). It is worth noting tha t thyroid disorders are also accom

panied by changes in / t o (Shimoni et al. 1992), in cardiac /3-receptor density and 

in contractile parameters (Tomlinson et al. 1992). 

Another indication of a non-specific membrane disfunction may be the finding 

that the plasma lipid levels are significantly higher both in non-diabetic and in 

diabetic BB rats than in the Wistar rats (Rodrigues et al. 1989). The increased 

tissue lipid levels may modify the interaction between the hydrophobic regions of 

the membrane proteins and the lipids (Katz and Messineo 1981), influencing both 

the receptor and the channel functions. A survey in STZ-diabetic rats oricuted 

towards these aspects could be informative. 

Although the alterations in cardiac electrophysiology are not the cardinal 

symptoms in diabetes, the results presented in this paper provide some arguments 

for the interpretation of models of diabetes. As an objection against the use of 

the chemical models, the possible toxic side effect(s) of the drugs can be men

tioned. The decreased amplitude of the transient outward potassium current in 

STZ-diabetic rats is a finding not seen in the genetic models. Thus, this difference 

can be interpreted as a toxic effect. However, it is more likely that the STZ-related 

results reflect the real difference between healthy and diabetic animals whereas in 

the genetic models, the controls already bear some membrane modifications, which 

are able to cause channel disorders but are not suitable to produce the clinical 

picture of diabetes. 

Diabetes in mice - NIDDM 

In the other diabetic model, the amplitudes of the / t„ in cells from lean mice were 

similar to that described by Benndorf and Nilius (1988). Nevertheless, the question 

of the genetically identical control arises also in the case of mice. Phenotypically, 

all lean animals are similar and they are healthy, they nevertheless represent two 

different genetic groups, both of which are different from the obese ones. These 

problems and complications make the interpretation of the da ta obtained from this 

particular model difficult as well. 
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