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Abstract: Background: Children with early onset Type I diabetes have been reported to show
modest deficits on a wide range of neuropsychological tests. However, the contribution of
duration of the disease with respect to cognitive dysfunction remains unresolved. The present
study aims to determine the effects of different duration of hyperglycemia on cognitive
function in young diabetic rats. Objectives: To determine the effect of 10 and 20 days
duration of diabetes on cognitive functions. Materials and methods: Diabetes was induced in
young rat pups, by streptozotocin injection (i.p) at a dose of 50 mg /kg.BW. Diabetic state
was confirmed on 30" post natal day. 10 and 20 days after inducing diabetes, the rats were
tested in passive avoidance box and Morris water maze, over a period of 10 days. Results:
Diabetic rats showed significantly impaired cognitive functions, compared to their age
matched controls. The cognitive impairment was greater in rats with 20 days of diabetic state
compared to their 10 days counterparts. Conclusion: It is essential to diagnose and treat
diabetes as early as possible in case of young children with Type I diabetes of early onset to
prevent irreversible cognitive functions.
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Introduction

Long-standing concern about the effects of Type I diabetes (T1DM) on cognitive
ability has enhanced with the increasing incidence of early onset TIDM in children.
A recent meta-analysis clearly shows that cognitive function is mildly impaired in
patients with T1DM, which is mainly reflected in a slowing of mental speed and a
diminished mental flexibility [1]. Lowered cognitive performance in diabetic patients
appeared to be associated with several factors. Both chronic hyperglycemia [2-3] and
the consequent occurrence of diabetes complications [4], as well as recurrent
episodes of severe hypoglycemia [5], are thought to be associated with cognitive
dysfunction in patients with type 1 diabetes. However, the combined effects of
juvenile onset and the occurrence of diabetes complications may have an impact on
cognition [6-7]. Many studies support the report that a high level of HbA,. in
interaction with diabetes complications such as neuropathy might negatively
influence cognition [8-14]. Although the magnitude of most of these cognitive
decrements is relatively modest, even moderate forms of cognitive dysfunction can
potentially hamper day to day activities. These may present problems in more
demanding situations and can have a negative impact on the quality of life.
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Studies that assessed cognition in children with diabetes observed that a very early
age at onset (before the age of 5 years) does appear to be associated with more severe
impairments of cognitive performance [15-16]. In particular, patients with diabetes
onset before the age of 5 years could be more sensitive to the effects of
hypoglycemic episodes or elevated HbA . levels. Thus many researchers have shown
that there is a relationship between cognitive dysfunction and type 1diabetes of early
onset [17-18]. The questions that still remained unresolved are contribution of
different disease variables, such as diabetes duration, levels of glycemic control and
the development of micro vascular complications to cognitive impairment. Hence,
the present study was under taken to evaluate the effects of different duration of
diabetes state on various learning and memory as well as behavioural parameters in
diabetic young rat pups.

Material and Methods

Animals: Inbred, Wistar strain albino male and female, 25 days old rats were selected
for this study. Experiments were carried out after obtaining Institutional Animal
Ethical Committee approval (627/02/a/CPCSEA dated 17/7/2008). The animals were
maintained under 12:12 hours dark: light cycle and controlled temperature (25+ 3°C).
Animals were fed with food (Amruth feeds, standard rat pellets) and water ad
libitum. All the experiments were performed between 08:00-16:00 hrs.

Experimental design: Animals were divided into two groups, each with two
subgroups (n = 6). Two subgroups served as normal and diabetic control for 10 days
group, whereas another two subgroups for 20 days normal and diabetic group. Rats
in diabetic groups received Streptozotocin injection at a dose of 50 mg/kg BW
intraperitonially, on 25" day of postnatal life. After four days, blood samples were
collected from tail vein following overnight fasting [19-21]. Fasting blood sugar
(FBS) was estimated with the help of a standard glucometer (Optium, Germany) and
the day of confirmation of diabetes was considered as day one of diabetic state.
Those animals with FBS levels higher than 200 mg% were included in the study.
From day 11 to day 20, after diabetes induction, rats in 10 days groups were tested
for various cognitive and behavioral parameters, in elevated plus maze, two
compartment test for passive avoidance and Morris water maze. Similarly, rats in 20
days groups were also studied for the same parameters, from day 21 to day 30 after
diabetes state was confirmed. The details of each test are as follows:

Morris water maze (MWM): The spatial learning abilities and memory of rats were
assessed in the MWM task. The water maze consists of a circular pool (diameter, 1.5
m; height, 60 cm), filled with water (26°C+1°C) in which a square (5 cm) escape
platform was hidden 1 cm below the surface of the 30 cm. deep water. Water was
made opaque by adding milk. The water maze was divided into four equal imaginary
quadrants and escape platform was kept in a constant place, the center of the north-
east quadrant. The maze was located in an experimental room containing relevant
visual cues. Rats were trained for three consecutive days, daily sessions consisting of
3 trials with 5 min. of inter trial interval. In each trial, rats were given 120 sec. to
swim and find the escape platform.
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In case rats failed to find the platform within 120 sec, they were hand guided onto the
platform. All animals were allowed to rest on the platform for 30 sec. A farthest
starting location from platform was used in each trial. The time taken by each rat to
reach the hidden platform was measured (transfer/escape latency). On 4" day, probe
trial was conducted during which the platform was removed from the maze and the
rats were allowed to swim freely in the pool. The time spent in the target quadrant
which has the platform in the previous trials, was served as measure of memory [22-
23].

Passive avoidance test: The two compartment passive avoidance apparatus was used
to assess the associative learning and memory. Essentially the apparatus consists of a
square box with a floor grid of 50 x 50 cm and wooden walls of 35 cm height. A 100
watts bulb illuminates this box. In the center of one of the walls is an opening of 6 x
6 cm which can be opened or closed using a transparent glass sliding door. This
opening leads to a smaller (15 x 15 X 15 cm), dark compartment provided with an
electrified grid floor that can be connected to a shock source (stimulator). Animals
were placed individually in an illuminated chamber facing away and at the farthest
distance from the entrance to the dark compartment. On the 1* day of the test, each
rat was allowed to explore both the compartments for 5 min. On the 2™ day, time
taken to enter the dark compartment for the 1* time was noted and soon two learning
sessions were followed. At the end of the 3™ trial, as soon as the rat entered the dark
compartment, the door was closed and three inescapable foot shocks (50V, 50 Hz,
Isec) were given. Then the animal was returned to its home cage. 24 hours later each
animal was placed again in the passive avoidance apparatus as before for a maximum
period of 5 min. The latency time required for the animal to enter the dark
compartment was measured. Increased latency/absence of entry into the dark
compartment indicated positive memory retention [24-25].

Statistical analysis: The results were expressed as mean + SD. The comparison of
FBS and body weight of rats was carried out by Student’s unpaired ‘T’ test. For all
neurocognitive tests, between groups’ comparisons were analyzed by Mann-Whitney
‘U’ non-parametric test. Differences were considered to be significant at probability
value (P) < 0.05.

Results

Rats, which were able to achieve the required diabetic state (FBS more than 200 mg
%) after STZ injection were only included in the study. Four animals in the diabetic
group died during the experiment due to severe hyperglycemia. Fasting blood sugar
and body weight of rats in different groups are shown in Table 1. The statistically
significant difference (P <0.001) was observed in FBS values between the rats in
diabetic group, and their age matched normal control group. However, body weight
of rats in both groups did not differ significantly initially. The diabetic state was
worsened over the time, showing the significant difference in FBS values on 30" day
and 60™ day (P = 0.018) among diabetic rats in 20 days duration of hyperglycemia.
Body weight was also significantly decreased with the increasing duration of
diabetes in 20 days diabetic group (P <0.001).
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group) at regular interval

Table-1: Effect of different duration of hyperglycemia on fasting blood sugar (FBS)
levels and body weight (BW) in control and STZ-induced diabetic rats (n = 6 in each

Fasting blood sugar (mg %) Body weight (gm.)
Gr()up 30th 45th 60th 30th 45th 60th
postnatal | postnatal | postnatal | postnatal | postnatal | postnatal
day day day day day day
Nommal | 8733+ | 046 4657 + | 1175+
o 3.85 3.67 - 4.00 9.64 -
days
Dlai’etllclo 233+ | 2716+ 46 + 101 +
o~ 1027% | 1531%# N 5.04 4.12 N
days
Nommal | s68x | 923x 89 + 501+ | 127.6% | 1283+
) 3.37 4.65 3.95 3.32 13.82 2.33
days
Diabetic
control -20 269.1 + 276.6 + 319.33 + 46.5 + 103.5 + 94.83 +
days 20.41%* 18.99* 38.51*# 3.36 4.99 8.75%$

Values are expressed as mean + S.D;
*Significantly different from normal counterparts (P < 0.05);

*_Significantly different from FBS on 30" day (P =0.003) in the same group.

$ Significantly different from body weight on 30™ day (P< 0.0001) in the same group.
*#* Animals were sacrificed on 50™ post natal day for further tissue processing.

water maze (2 = 6 in each group)

Table-2: Effect of different duration of hyperglycemia on memory retention in Morris

Time taken to reach target platform (sec) Probe test—
Group Time spent in target
Day 1 Day 2 Day 3 quadrant (sec)
Normal control -10 65.1 £ 214 + 133 £ 515 %
days 8.28 3.45 2.39 7.57
Diabetic control -10 73.9 28.9 + 14.78 £ 28.1+
days 11.05 4.98 3.11 4.16*
Normal control -20 65.3 % 19.9 = 129 57.5+
days 4.96 6.82 3.74 14.22
Diabetic control -20 1334 £ 322+ 15.1 17.52
days 16.11%# 7.28 2.15 4.97*#

Values are expressed as mean * S.D;
" Significantly different from normal counterparts (P < 0.05);
* Significantly different from animals in 10 days diabetic control rats (P< 0.03).

The performance of experimental animals in the hidden platform test of MWM, in
each group, is shown in Table 2.
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During the probe test, the diabetic rats spent lesser time in the target quadrant, when
compared to that of normal rats. The statistically significant difference was observed
among 10 days diabetic and normal group (P = 0.022) and also in 20 days diabetic
and normal controls (P = 0.021). Animals in 20 days diabetic group showed
significant difference (P = 0.003) in the performance compared to animals in 10 days
diabetic groups, suggesting the memory deficits worsening with duration of diabetes.
Further more, during the trial sessions over three days, animals in diabetic group took
more time to find the hidden platform compared to their normal counterparts. In the
passive avoidance box (Table 3), 24 hours after the aversive stimuli, retention of
memory was significantly different in 10 days diabetic and normal group (P <0.001)
and also in 20 days diabetic rats compared to controls (P=0.004), which showed the
reduced transfer latency. However no significant difference was observed in the

transfer latency among the rats with 10 and 20 days duration of hyperglycemic state
(P=0.244).

Table 3: Effect of different duration of hyperglycemia on memory retention in passive
avoidance (n = 6 in each group)

Time taken to enter small compartment (sec)
Group Day 1 Day 2 Day 3
Trial 1 | Trial2 | Trial 3 | Trial 4 | Transfer latency
888+ | 285+ | 11.6+ | 65+ 206.3 +
Normal control - 10/days |1 ce” | 758 | 576 | 071 241
L 1126+ | 128 + | 13.1+ | 95+ 145 +
Diabetic control - 10/days | 'y 7" | 376 | 429 | 3.03 1.61%
89.6+ | 93+ | 56+ | 63+ 210.1 +
Normal control - 20 days | 35} 1.61 0.33 2.29 30.82
L 1503+ | 108.6+ | 613+ | 55.1+ 126 +
Diabetic control - 20 days | ¢ 53 | 467044 | 47.03% | 48.97 3.40%

Values are expressed as mean + S.D;
" Significantly different from normal counterparts (P < 0.05);
* Significantly different from animals in 10 days diabetic control rats (P< 0.03).

Discussion

In the present study, the rats were tested for increased vulnerability of cognitive
dysfunction with the increasing duration of diabetic state was evaluated in young
diabetic rats. Treating rats with STZ is a well-established animal model for diabetes.
Streptozotocin (STZ), a B-cytotoxic, induces ‘chemical diabetes’ in a wide variety of
animal species including rat by selectively damaging the insulin-secreting p-cells of
the pancreas. Intra-peritoneal injection of STZ produces fragmentation of DNA of -
cells of pancreas which stimulates poly (ADP-ribose) and depletes NAD ultimately
leading to destruction of P-cells and it is evidenced by clinical symptoms of
hyperglycemia and hypoinsulinaemia [26].
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MWM and passive avoidance tests were used to assess cognitive function in animals.
The MWM is a well established and widely used spatial memory test for rats and
mice, in which functional hippocampal integrity is essential for normal performance.
Also, the passive avoidance test has been shown to be sensitive to detect deficits in
associative  learning and memory of rats [27]. Morris water maze, showed the
evidence of impaired spatial learning in diabetic animals, compared with that of
normal rats. This effect has worsened with increasing duration of hyperglycemia.
The rats with 20 days of diabetes (approximately equivalent to 2 years of human life)
revealed more cognitive deficits compared to their 10 days counterparts. Many
studies link this cognitive deficits in diabetes to the probable mechanisms such as
hyperglycemia induced end organ neuronal damage, dyslipidemia, amyloidopathy,
taupathy etc [28-29]. In the present study, diabetic rats have not received any
interventions like insulin, which helps to prevent neuronal damage. Hence untreated
hyperglycemia for a longer duration could be one of the causes for diabetic
encephalopathy. Other consequences of such insulin deficits and perturbations are
innate inflammatory responses affecting synaptogenesis, neuronal degeneration.
Eventually, this cascade of events leads to more profound deficits in behavioral and
cognitive function due to extensive neuronal loss and decreased densities of white
matter in myelinated cells. Neuroimaging data suggests the white matter atrophy in
the frontal and temporal regions, which could be linked to deficits in certain
cognitive domains, such as memory, information processing speed, executive
function, attention and motor speed. Morphological studies of children with onset of
diabetes before the age of six have revealed a high incidence of mesial temporal lobe
sclerosis, which was not associated with a history of hypoglycemia [30].
Interestingly, deficits in such cognitive functions are also associated with impaired
functional connectivity, a measure of functional interactions between brain regions
[31]. Field excitatory postsynaptic potentials (f EPSP) recorded from hippocampal
slices of diabetic animals, show defects in hippocampal synaptic plasticity induction
linking to difficulties in learning and memory [32].

This study was designed to investigate the effect of different duration of diabetes on
cognitive dysfunction in early span of life. Using STZ induced diabetic models; the
results indicate that the duration of diabetes in younger age group has significant
contribution in learning and memory deficits, which were irreversible.

Conclusion

Very recently, it has been clear that CNS is not spared by diabetes. Diabetic
encephalopathy primarily caused by direct metabolic perturbations due to
hyperglycemia, insulin deficiency, or hypoinsulinaemia. Secondary diabetic
encephalopathy occurs as a result of micro and macro-vascular disorders, or due to
repeated episodes of hypoglycemia caused by excess insulin (33-35). The results of
this study suggest that learning ability and memory shows a direct relation to the
duration of the diabetes; however the underlying mechanisms are yet to be
established. The clinical implication of the study highlights the importance of early
diagnosis and treatment of juvenile diabetes induced cognitive deficits among
children.

© 2012. Al Ameen Charitable Fund Trust, Bangalore 261



Al Ameen J Med Sci; Volume 5, No.3, 2012 Rajashree R et al

Acknowledgements:

We are grateful to Shri. S.D. Mallapur, statistician for helping in the data analysis
and to all the support staff for assistance during the data collection.

10.

11.

12.

13.

14.

15.

16.

17.
18.

References

Brands AM, Biessels GJ, de Haan EH, Kappelle LJ, Kessels RP. The effects of type 1
diabetes on cognitive performance: a meta-analysis. Diabetes Care 2005; 28(3): 726-35.

Ryan CM, Williams TM. Effects of insulin-dependent diabetes on learning and memory
efficiency in adults. J Clin Exp Neuropsychol. 1993; 15(5): 685-700.

Holmes CS. Neuropsychological profiles in men with insulin-dependent diabetes. J Consult
Clin Psychol 1986 Jun; 54(3):386-9.

Ryan CM, Williams TM, Orchard TJ, Finegold DN. Psychomotor slowing is associated with
distal symmetrical polyneuropathy in adults with diabetes mellitus. Diabetes 1992; 41
(1):107-13.

Ferguson SC, Blane A, Perros P, McCrimmon RJ, Best JJ, Wardlaw J, Deary 1J, Frier BM.
Cognitive ability and brain structure in type 1 diabetes: relation to microangiopathy and
preceding severe hypoglycemia. Diabetes 2003; 52(1):149-56.

Deary 1J, Crawford JR, Hepburn DA, Langan SJ, Blackmore LM, Frier BM: Severe
hypoglycemia and intelligence in adult patients with insulin-treated diabetes. Diabetes 1993;
42(2): 341-4.

Wredling R, Levander S, Adamson U, Lins PE: Permanent neuropsychological impairment
after recurrent episodes of severe hypoglycaemia in man. Diabetologia 1990; 33(3):152-7.
Lincoln NB, Faleiro RM, Kelly C, Kirk BA, Jeffcoate WIJ. Effect of long-term glycemic
control on cognitive function. Diabetes Care 1996; 19(6): 656-8.

Hershey T, Craft S, Bhargava N, White NH. Memory and insulin dependent diabetes mellitus
(IDDM): effects of childhood onset and severe hypoglycemia. J Int Neuropsychol Soc. 1997,
3(6): 509-20.

Ryan CM, Williams TM, Orchard TJ, Finegold DN. Psychomotor slowing is associated with
distal symmetrical polyneuropathy in adults with diabetes mellitus. Diabetes 1992; 41(1):
107-13.

Franceschi M, Cecchetto R, Minicucci F, Smizne S, Baio G, Canal N: Cognitive processes in
insulin-dependent diabetes. Diabetes Care 1984; 7(3): 228-31.

Ryan CM, Williams TM, Finegold DN, Orchard TJ. Cognitive dysfunction in adults with type
1 (insulin-dependent) diabetes mellitus of long duration: effects of recurrent hypoglycaemia
and other chronic complications. Diabetologia 1993; 36(4): 329-34.

Kramer L, Fasching P, Madl C, Schneider B, Damjancic P, Waldhausl W et al. Previous
episodes of hypoglycemic coma are not associated with permanent cognitive brain
dysfunction in IDDM patients on intensive insulin treatment. Diabetes 1998; 47 (12):1909-14.
Prescott JH, Richardson JT, and Gillespie CR. Cognitive function in diabetes mellitus: the
effects of duration of illness and glycaemic control. Br J Clin Psychol 1990; 29(Pt 2):167-75.
Reichard P, Pihl M, Rosenqvist U, Sule J. Complications in IDDM are caused by elevated
blood glucose level: the Stockholm Diabetes Intervention Study (SDIS) at 10-year follow up.
Diabetologia. 1996; 39(12):1483-8.

Vermeer SE, Den Heijer T, Koudstaal PJ, Oudkerk M, Hofman A, Breteler MM. Incidence
and risk factors of silent brain infarcts in the population-based Rotterdam Scan Study. Stroke.
2003; 34(2): 392-6.

Ryan CM: Memory and metabolic control in children. Diabetes Care. 1999;22(8):1239-41
Schoenle EJ, Schoenle D, Molinari L, Largo RH. Impaired intellectual development in
children with Type 1 diabetes: association with HbA(lc), age at diagnosis and sex.
Diabetologia. 2002; 45(1): 108-14.

© 2012. Al Ameen Charitable Fund Trust, Bangalore 262



Al Ameen J Med Sci; Volume 5, No.3, 2012 Rajashree R et al

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Chattopadhya S, Ramanathan M, Das J, Bhattacharya SK. Animal models in experimental
diabetes mellitus. Indian J Exp. Biol. 1997; 35(11):1141-5.

Wenk GL. Assessment of spatial memory using the radial arm maze and Morris water maze.
In: Crawley J. McKay R. Rogawski M. A. Sibley D. R. Skolnick P (Eds) in Current Protocols
in Neuroscience. New York, USA, John Wiley & Sons publishers. 1998: 8. 5A.1-12.

Motyl K, McCabe LR. Streptozotocin, type I diabetes severity and bone. Biol Proced Online.
2009; 11(1): 296-315.

Meiri N, Ghelardini C, Tesco G, Galeotti N, Dahl D, Tomsic D et al. Reversible antisense
inhibition of Shaker-like Kv1.1 potassium channel expression impairs associative memory in
mouse and[rat. Proc Natl Acad Sci USA 1997; 94(9): 4430-4.

Walther T, Balschun D, Voigt J, Fink H, Zuschratter W, Birchmeier C et al. Sustained long
term potentiation and anxiety in mice lacking the Mas Protooncogene. J Biol Chem. 1998;
273(19): 11867-73.

Carrié I, Clément M, de Javel D, Frances H, Bourre JM. Phospholipid supplementation
reverses behavioral and biochemical alterations induced by n-3 polyunsaturated fatty acid
deficiency in mice. J Lipid Res. 2000; 41(3):473-80.

Rai KS, Murthy KD, Karanth KS, Nalini K, Rao MS, Srinivasan KK. Clitoria ternatea root
extract enhances acetylcholine content in rat hippocampus. Fitoterapia. 2002; 73(7-8): 685-9.
Hofteizer V, Carpenter AM. Comparison of streptozotocin and alloxan-induced diabetes in
the rat, including volumetric quantitation of the pancreatic islets. Diabetologia. 1973; 9(3):
178-84.

Bures J, Buersova O. Techniques and basic experiments for the study of brain and behavior.
2" ed. Elsevier science publishers B.V. Amsterdam, 1983.

Holmes CS, Hayford JT, Gonzalez JL, Weydert JA. A survey of cognitive functioning at
difference glucose levels in diabetic persons. Diabetes Care.1983; 6(2):180-5.

Kim B, Backus C, Oh S, Hayes JM, Feldman EL. Increased tau phosphorylation and cleavage
in mouse models of type 1 and type 2 diabetes. Endocrinology. 2009; 150 (12):5294-301.

Ho MS, Weller NJ, Ives FJ, Carne CL, Murray K, Vanden Driesen RI et al. Prevalence of
structural central nervous system abnormalities in early-onset type 1 diabetes mellitus. J
Pediatr. 2008; 153(3):385-90.

van Duinkerkeu E, Klein M, Schoonenboom NS, Hoogma RP, Moll AC, Snock FJ et al.
Functional brain connectivity and neurocognitive functioning in patients with longstanding
type 1 diabetes with and without microvascular complications: a magnetoencephalography
study. Diabetes. 2009 Oct; 58 (10):2335-43.

Kamal A, Biessels GJ, Gispen WH, Ramakers GM. Synaptic transmission changes in the
pyramidal cells of the hippocampus in streptozotocin-induced diabetes mellitus in rats. Brain
Res. 2006; 1073-1074: 276-80.

Sima AA, Kamiya H, Li ZG. Insulin, C-peptide hyperglycemia and central nervous system
complications in diabetes. Eur J Pharmacol. 2004; 490(1-3): 187-97.

Biessels GJ, Deary 1J, Ryan CM. Cognition and diabetes: a lifespan perspective. Lancet
Neurol. 2008; 7(2): 184-90.

Biessels GJ. Diabetic encephalopathy. In: Veves A, Malik RA, editors. Diabetic Neuropathy -
Clinical Management. Humana Press: Totowa NJ, 2007; 187-205.

*All correspondences to: Dr. Rajashree R., Assistant Professor, Department of Physiology, J.N. Medical
College, KLE University, Belgaum-590010 Karnataka, India.
E-mail: rajashreeravishankar @ gmail.com

© 2012. Al Ameen Charitable Fund Trust, Bangalore 263



