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Abstract 
Beneficial effects of dietary energy restriction (DER), including extension of life-span, reduction in 
cancer risk, anti-cancer effects and decrease in age related neurodegenerative diseases have been 
well established. Given that DER is difficult to implement in humans due to practical constraints, 
development of energy restriction mimetics (ERMs) is considered as a suitable alternative. Our 
recent studies have established the anti-tumor effects of the dietary administration of the glyco-
lytic inhibitor 2-deoxy-D-glucose, a potential ERM, an alternative to DER; without any adverse ef-
fects on general physiology. Since functioning of the brain is critically dependent on glucose, we 
investigated the effects of chronic dietary 2-DG administration on the behavioural outcome in 
mice. Our findings based on a battery of neuro-behavioural tests clearly suggest that the chronic 
dietary administration of 2-DG that appreciably impairs the process of tumorigenesis has no ad-
verse effect on the cognitive, affective and sensory-motor functions. Together with the mainte-
nance of normal physiology reported by us earlier, these observations strengthen the potential of 
dietary 2-DG as a safe cancer preventive strategy. 
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1. Introduction 
Dietary energy restriction (DER) has been well established to prolong life with reduced age related diseases in-
cluding cancer. Since it is practically difficult to implement such a dietary regimen in humans, energy restriction 
mimetics (ERMs) have been considered as a suitable alternative [1] [2]. In the recent past, numerous studies 
have focused on the development of these ERMs, which cause effects similar to DER without reducing the ac-
tual dietary/calorie intake. Several metabolic modifiers such as resveratrol, metformin and 2-deoxy-D-glucose 
(2-DG) have shown potential to produce tumor inhibitory and anti-aging effects [3]-[7]. Since tumors show high 
dependency on glycolysis as a result of metabolic reprogramming (Warburg effect) associated with tumorigene-
sis [8] [9], there is a considerable amount of interest in exploring 2-DG as a potent anti-neoplastic agent [7] [10]. 
2-DG is a remarkable ERM as it simulates DER phenotype which includes gluco-regulatory and other energy 
modulation effects at systemic as well as cellular levels [6] [7] [11] [12]. At the systemic level, 2-DG influences 
metabolic regulation by reducing the systemic glucose availability, thereby causing a metabolic stress leading to 
the activation of multiple stress adaptation mechanisms in normal tissue/cells, while enhancing the death of tu-
mor cells by inhibiting the up-regulated glucose metabolism [6] [7] [13] [14]. 

2-DG is an analogue of glucose which is phosphorylated to 2-deoxy-glucose 6-phosphate by hexokinase 
similar to glucose but not metabolized further thereby inhibiting the glycolysis and causing depletion of energy 
(ATP levels) [10]. 2-DG has been shown to differentially enhance the damage caused by radiation and chemo-
therapeutic drugs in cancer cells with high rates of glycolysis and therefore has been suggested as an adjuvant to 
radiation and chemotherapy of tumors [14] [15]. Several preclinical and certain clinical trial studies suggest that 
2-DG can be used alone or in combination with chemo- and radiotherapy for cancer treatments [16]-[20]. Clini-
cal studies in patients with cerebral gliomas have shown that the combined treatment of orally administered 
2-DG with hypo-fractionated tumor irradiation provides modest increase in survival with improved quality of 
life and is associated with minimal acute or late toxicity [21] [22]. Although earlier studies using therapeutic 
doses of 2-DG to achieve local tumor control have not been very successful due to undesirable toxicity [23] [24], 
we have recently shown that chronic dietary administration of 2-DG at low doses (0.2% and 0.4% w/v in drink-
ing water) significantly reduces the growth of implanted tumors and chemical induced tumorigenesis in mice 
suggestive of cancer preventive effects [25] [26]. Encouragingly enough, this dietary 2-DG administration did 
not result in significant changes in the food intake, body weight etc., but elicited positive physiological changes 
similar to DER such as mild reduction in body temperature, blood glucose and serum insulin levels [25]. Reduc-
tion in the systemic oxidative stress, induced angiogenesis and inhibition of glucose metabolism appear to be 
contributing factors responsible for the inhibition of tumorigenesis [25] [26].  

Since quality of life is an important consideration in cancer therapy and prevention, it is important to evaluate 
the effects of ERMs on general physiology as well as behaviour, for safety and successful implementation. 
Moreover, since the brain mainly depends on glucose metabolism for its function, it is desirable that chronic 
dietary administration of glycolytic inhibitor like 2-DG be evaluated for possible functional disturbances. The 
oral safety of 2-DG with respect to neurobehavioral functions has not been systematically investigated in animal 
models. To the best of our knowledge there has been only one behavioral toxicity study that indicated the anti-
convulsant and antiepileptic effects of 2-DG in rats without alterations in spatial learning and memory or tran-
sient reversible decrease in exploratory activity [27] [28]. The present study was undertaken to investigate the 
effects of chronic dietary administration of 2-DG on cognitive, affective and motor functions in mice. Results 
show that dietary administration of 2-DG, which results in the inhibition of tumorigenesis does not compromise 
the behaviour of mice. 

2. Material and Methods 
2.1. Animals and 2-DG Administration 
Eight to ten week old female Swiss albino strain “A” mice weighing 22 - 28 g were obtained from the in-house 
experimental animal facility (EAF). All mice were maintained at 23˚C - 25˚C under a constant 12-hour light/ 
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12-hour dark cycle. These mice were randomly divided into three groups (N = 6/group); Control, 0.2% 2-DG 
and 0.4% 2-DG (w/v). Control mice were given normal drinking water, whilst the treatment groups were given 
0.2% and 0.4% 2-DG w/v in their daily drinking water. All mice were given standard rodent feed ad libitum 
(Golden Feeds, Delhi). The 2-DG was chronically administered for 3 months (90 days) to both the groups before 
any behavioural testing and was also continued during the test period. Body weight of mice was monitored 
throughout the span of the study. All behavioural tests were performed during the light phase between 10 a.m. 
and 4 p.m. The protocols used were approved by the Committee on the Ethics of Animal Experiments of the In-
stitute of Nuclear Medicine and Allied Sciences (INMAS), Defence Research and Development Organization 
(DRDO) (Institutional Ethical committee number under which this study has been approved is INM/IAEC/2011/ 
08/001). 

2.2. Open Field Test (OFT) 
For evaluating general locomotor activity, stress and anxiety-like behaviour of mice, open field test (OFT) was 
performed in an inescapable square plexiglass box of 40 × 40 cm2 [29]. It was divided into 16 equal squares or 
grids. The central 4 grids were considered to be the center, and the rest were assigned as the periphery. The test 
was performed as previously described [30]. Briefly, the mice exploratory activity was observed and recorded 
for 5 minutes in the OFT arena. The behaviour was video-monitored and analyzed automatically by using the 
ANYmaze™ Software (Stoelting Co., USA). The maze was cleaned up carefully after every individual mouse 
tested. During the observed time period, number of squares crossed, vertical movements, and latency to enter the 
center, time spent in the center, number of grooming episodes and number of fecal boli passed were recorded.  

2.3. Elevated plus Maze Test (EPM) 
The elevated plus maze (EPM) was performed for studying the anxiety-like behaviour [30] [31]. The EPM ap-
paratus consists of a “+” shaped elevated maze which has 2 “open” or uncovered arms and 2 “closed” or covered 
arms (5 cm width, 10 cm height of closed wall) connected by a 5 × 5 cm2 central area. This apparatus is raised 
50 cm above the floor. The behaviour was video-tracked for 5 minutes and analyzed automatically using the 
ANYmaze™ Software. The maze was cleaned using doctor’s alcohol after every individual mouse tested. The 
time spent in open arms, closed arms as well as the central area was used to compare the anxiety levels. Number 
of entries to the open and closed arms was also considered to quantify the anxiety-like behaviour. Entries into an 
area were considered only when the mouse placed all four paws in that area. 

2.4. Forced Swim Test (FST)  
Forced swim test (FST) was performed to test the depressive phenotype [32]. Briefly, the mice were forced to 
swim in a vertical cylindrical jar (30 cm in height and 10 cm in diameter) filled with water (25˚C - 27˚C) to a 
depth of 20 cm. Every mouse was placed gently in this apparatus and observed for 6 min. After each test session, 
the mice were dried with a cloth, and placed back in the home cage. The scored parameters include latency to 
first immobility, number of bouts of immobility over the last 4 min of a total 6 min observation time and number 
of fecal boli. 

2.5. Morris Water Maze Test (MWM) 
To evaluate the effect of chronic dietary administration of 2-DG on learning (acquisition) and memory (recall), 
another set of experimental animals was employed to test spatial learning and memory using Morris water maze 
[33] [34]. Briefly, the apparatus consisted of a circular tank (diameter 120 cm, depth 100 cm) was filled with 
water (25˚C - 27˚C) to a depth of 50 cm. Nontoxic water soluble paint was added to make the water opaque so 
as to hide the goal platform 0.5 - 0.8 cm below the water. The pool was divided in 4 imaginary quadrants desig-
nated as NW, NE, SE, SW, along the north (N)-south (S) axis and east (E)-west (W) axis, using the automated 
tracking software ANYmaze™. Intra-maze visual cues were provided, while the immovable objects like win-
dows and observer seat served as the extra maze cues. Utilizing these cues, the mice were made to learn the spa-
tial position of the hidden platform by performing 20 learning trials over 5 days with a maximum of 4 trials per 
day. A trial was considered to be completed after the mice was released facing the pool wall from each quad-
rant’s start position. The mice were allowed to swim and find the hidden platform for a maximum latency of 120 
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s. If any mouse was unable to find the platform, it was gently guided to the platform and allowed to acquire the 
spatial cues for 15 seconds before being removed, dried and kept back in its home cage. The latency to reach the 
platform as well as the distance travelled until entry to target was recorded and compared to observe any differ-
ences in learning abilities. After the completion of the learning trials, a probe trial was performed 24 hours after 
the last acquisition trial to test the long term spatial memory functions. The platform was removed and the ani-
mals were allowed to swim freely for 30 s for 4 releases. The latency to the first entry to target, number of en-
tries to the target and the entries into the target quadrant were compared to visualize long term memory func-
tions.  

2.6. Novel Object Recognition Test (NORT) 
This paradigm was carried out in the OFT arena as previously described [35] [36]. Briefly, two separate trials 
were carried out, the first acquisition trial, to familiarize the mice with two similar objects and subsequently, a 
second one, probe trial, where one familiar object was replaced with a novel object for testing the recognition 
memory. The box and the objects were properly cleaned after every test trial period to remove the olfactory cues 
from the previous mouse. The objects used in this test were plastic toys of different shapes. Exploration of an 
object was considered when the mice started sniffing the object from a maximum distance of 1 cm or less. 
Climbing and sitting on the object were not included in the exploratory activity. The time spent by the mice in 
exploring the novel object versus the time spent exploring the familiar object gave a notion of the recognition 
memory. The training trial was conducted for 5 min, and after the completion of this period, the mice were re-
turned to their home cage for 10 min. Subsequently, the probe trial was conducted for duration of 3 min, 
wherein one familiar object was replaced by a novel object, and the time spent in exploring each of the objects 
was recorded. Thus, the short-term memory dependent on the hippocampus was observed. The Discriminatory 
Index (DI) of mice was calculated as follows: 

( )
( )

DI Time spent exploring novel object Total exploration time

– Time spent exploring familiar object Total exploration time 100

= 
×

 

The active exploration was only considered when both the forelimbs of the mouse were within the 1.5 cm cir-
cle around the objects, with the head facing the object or with the whiskers touching it. 

2.7. Grip Strength Test 
Grip strength was assessed as discussed earlier [37] using the grip strength meter system (Stoelting, USA). The 
test was performed to determine the neuro-muscular integrity in 2-DG fed or control mice. Mice were allowed to 
hold on to the grid with both forepaws (for 2-paw grip strength measurement) to obtain the maximum force ap-
plied when pulled away from the instrument. The force values obtained were tension values in gram-force (gF), 
consequently, the modulus of the numerical values was used to depict the graph. Each mouse was given 3 trials 
within the course of 2 minutes, and average values were used to represent the grip strength of an individual 
mouse. 

2.8. Statistical Analysis 
All the data were analyzed using GraphPad Prism (version 5.01). One-way ANOVA followed by Bonferroni’s 
post hoc test was used to assess the significance level. Statistical significance was taken at 95% confidence in-
tervals (p ≤ 0.05). 

3. Results 
3.1. Dietary 2-DG Increased Spontaneous Locomotor Activity, While Decreasing Stress 

and Anxiety  
We first examined the locomotor activity along with stress and anxiety-like behaviour of mice fed with 2-DG 
using the open field (OF) test. The 2-DG fed mice showed increased locomotor activity as compared to the con-
trol mice, as evidenced by the number of squares crossed (grid lines crossed during 5 min), an indicator of hori-



S. Singh et al. 
 

 
385 

zontal activity. The number of grid lines crossed were significantly higher in animals fed on 2-DG with 75 and 
63 grid lines in 0.2% and 0.4% 2-DG groups respectively (0.2% 2-DG; p < 0.01, 0.4% 2-DG; p < 0.05) com-
pared to 22 in the control group (Figure 1(A)). The rearing evaluated as a measure of vertical activity in the 
open field showed no significant difference between 2-DG fed mice as compared to the control mice (Figure 
1(B)). The 2-DG fed mice reared 26 and 21 times at 0.2% (p = 0.4) and 0.4% (p = 0.66) doses respectively in 
comparison to 21 times in the controls.  

The anxiety-like behaviour was evaluated by measuring the time taken to enter the center and time spent in 
the center of the open field box. The latency to center showed moderate reduction in both the 2-DG fed groups 
(Figure 1(C); 235 sec in 0.2%; p = 0.24 and 216 sec in 0.4%; p = 0.18) as compared to control (279 sec), which 
was not statistically significant. The average time spent in the center was also not significantly altered in 2-DG 
fed mice (Figure 1(D)), with 3 and 8 sec in the 0.2% (p = 0.18) and 0.4% (p = 0.34) 2-DG groups compared to 1 
sec in the unfed mice. The 2-DG fed animals were relatively less anxious as they spent more time in the center 
in comparison to the control animals. Interestingly, the number of mice entering the center was higher in 2-DG 
treated groups (4/6 in 0.2% 2-DG and 3/6 in 0.4% 2-DG) compared to the untreated group (1/6; data not shown). 
The 2-DG fed mice also showed enhanced grooming at both the 2-DG doses; 1.33 in 0.2% (p = 0.39) and 1.83 in 
0.4% (p < 0.05; statistically significant) as compared to 0.83 in control (Figure 1(E)). The defecation rate was  
 

 
Figure 1. Locomotor activity and anxiety-like behaviour in the open field test (OFT). (A) Hori-
zontal activity; (B) Vertical activity; (C) Latency to center; (D) Time in center; (E) Grooming; 
(F) Fecal boli. Values presented are mean ± SE; One-way ANOVA, *p < 0.05, **p < 0.01. 
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significantly lower in 0.2% 2-DG group (3.6; p < 0.5) and comparable to control (6.8), in 0.4% 2-DG group (6.3; 
p = 0.74) (Figure 1(F)). Increased grooming and reduced fecal boli suggested that chronic dietary administra-
tion of 2-DG employed here does not cause any stress or anxiety-like behaviour. 

We also employed the EPM test to further confirm the changes related to stress and anxiety-like behaviour 
exhibited in the OF test. The latency to enter the center (Figure 2(A)) with two-side open arms was measured 
and found to be reduced in the 2-DG groups in a dose dependent manner, which was however not-significant; 
34.5 sec in 0.2% (p = 0.087) and 22.2 sec in 0.4% (p = 0.51) 2-DG groups against 38.8 sec in the control. Also, 
the 2-DG fed mice spent slightly longer time in the center (Figure 2(B); 58.8 and 60.8 sec in 0.2%; p = 0.46 and 
0.4%; p = 0.4, 2-DG respectively) compared to the control mice (50 sec). The fecal boli were counted during the 
EPM test and no significant differences were found between the groups (Figure 2(C); p = 0.67). These observa-
tions lend support to the proposition that the dietary 2-DG administration adopted in the present studies did not 
negatively affect the behaviour as revealed by OF and EPM tests. Indeed it marginally reduced both stress and 
anxiety-like behaviour.  

3.2. Dietary 2-DG Does Not Induce Depression Like Symptoms 
Forced swim test was performed to assess any signs of 2-DG induced depression in the mice. The latency to first 
immobility in the 2-DG mice was comparable to the untreated mice (Figure 3(A); 0.2% 2-DG; p = 0.75 and 0.4% 
2-DG; p = 0.83). Similarly, significant differences were also not observed in the bouts of immobility in the 
2-DG fed animals (Figure 3(B); p = 0.4 in 0.2% and p = 0.83 in 0.4% 2-DG). 2-DG fed mice were immobile for 
slightly lesser period, with an average of 2.62 sec in 0.2% 2-DG (p = 0.6) and 2.0 sec in 0.4% 2-DG (p = 0.3), as 
compared to 2.87 sec in the control mice (Figure 3(C)). 

3.3. Dietary 2-DG Slightly Enhances Short-Term Memory 
Novel object recognition test (NORT) was performed to determine whether chronic dietary 2-DG administration 
has any adverse effect on short-term memory functions. The 2-DG fed mice exhibited decrease in the latency to 
novel object in the test phase; 56.6 sec in control versus 37.4 and 32.2 sec in 0.2% (p = 0.3) and 0.4% (p = 0.13)  
 

 
Figure 2. Locomotor activity and anxiety-like behaviour in the elevated plus maze (EPM). (A) 
Latency to open arms; (B) Time spent in open arms; (C) Fecal boli. Values are given as mean ± 
SE; One-way ANOVA. 
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Figure 3. Forced swim test for depression like behaviour. (A) Latency to first immobility; (B) 
Total number of times immobile; (C) Average times per immobility. Values are given as mean ± 
SE; One-way ANOVA. 

 
2-DG (Figure 4(A)). These results indicate lack of any adverse effect, but a slightly enhanced short term mem-
ory function in mice administered with dietary 2-DG. At 0.2% 2-DG dose mice showed higher preference for 
novel object as suggested by the increased discriminatory index, while at 0.4% 2-DG it was similar to the unfed 
mice. These differences were statistically nonsignificant with discriminatory index (DI) of 0.34 and 0.17 in 0.2% 
(p = 0.52) and 0.4% (p = 0.93) 2-DG respectively compared to 0.18 of control group (Figure 4(B)). These ob-
servations suggested that dietary 2-DG under the present experimental conditions did not hamper the cognition; 
instead it perhaps marginally improved as 0.2% 2-DG fed mice spent relatively more time exploring and inter-
acting with the novel object than the familiar object.  

3.4. Dietary 2-DG Preserved the Hippocampus Based Long Term Learning and Memory 
Functions 

Morris water maze (MWM) test was employed for evaluating the effects of 2-DG on long term cognition. Firstly, 
we observed that the total distance travelled by the 2-DG treated and untreated mice was comparable throughout 
the learning phase (Figure 5(A)). Control and 2-DG fed mice both showed a similar decrease in the latency to 
the platform in the learning trials on all the consecutive days suggesting that 2-DG did not compromise or alter 
the learning task (Figure 5(B)). On the final day of the acquisition trial (learning phase), mice from the 2-DG 
groups took less time to reach the platform than the mice from the untreated group (Figure 5(B); 16.1 sec in 
control versus 8.8 sec in 0.2% 2-DG and 11.3 sec in 0.4% 2-DG; over all p = 0.04). Although the differences 
observed were not statistically significant, they were indicative of preserved normal learning functions. 2-DG 
treated animals did show a consistent decreasing trend in the total distance travelled to reach the platform each 
day of trial similar to untreated groups with no differences in their swimming performance, suggesting that the 
learning processes were not affected by chronic 2-DG treatment. 

For the probe trial, the platform was removed and the number of times the mice crossed the target probe 
(platform) during 30 sec was measured (Figure 5(C)). 2-DG fed mice showed a slightly better memory as indi-
cated by relatively higher number of target platform crossings as compared to the control mice, although the 
differences were statistically nonsignificant (2.6 and 3 in 0.2%; p = 0.52 and 0.4% 2-DG; p = 0.08 vs 1.6 in con-
trol). Similarly, the number of entries to the target quadrant did not significantly differ between the 2-DG fed  
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Figure 4. The novel object recognition memory test (NORT) was performed to assess the effect 
of dietary 2-DG on learning and memory process. (A) Latency to novel object; (B) Discrimina-
tion indices. Values are given as mean ± SE; Statistical analysis by One-way ANOVA. 

 

 
Figure 5. Morris water maze (MWM) test was performed to assess the effect of dietary 2-DG on 
long term memory process. (A) Total distance travelled; (B) Latency to platform during acquisi-
tion trial; (C) Total number of entries to the target; (D) Number of entries to target quadrant; (E) 
Latency to first entry to target quadrant during probe trial. Values are given as mean ± SE; Statis-
tical analysis by One-way ANOVA. 



S. Singh et al. 
 

 
389 

and the unfed mice (Figure 5(D)). The number of entries to the target quadrant was 6.8 in 0.2% 2-DG (p = 0.4) 
and 7.4 in 0.4% 2-DG (p = 0.19) in comparison to 5.4 in the control mice. Further, the 2-DG fed mice took less 
time to reach the target quadrant. The latency was decreased to 14.7 sec in 0.2% (p = 0.69) and significantly re-
duced (statistically) to 10 sec in 0.4% 2-DG (p = 0.007) as compared to 16 sec in unfed mice (Figure 5(E)). 
These data demonstrated that memory, as assessed by probe trial was not adversely affected by chronic dietary 
administration of 2-DG.  

3.5. Neuro-Muscular Functional Integrity Was Not Compromised by 2-DG 
Glucose metabolism is very important for the muscle cells and 2-DG being a glycolytic inhibitor and adminis-
tered for chronic period, it was considered worthwhile to evaluate the effects of chronic 2-DG administration on 
the neuro-muscular integrity. We performed grip strength test and recorded 2-paw (forepaw) grip strength 
measurements. Under the present experimental conditions, 2-DG had no apparent effect on the grip strength 
(Figure 6). 

4. Discussion  
In the recent times, there has been a growing interest in the identification of potent ERMs for cancer preventive, 
anti-aging and age-associated diseases. Since quality of life is an important consideration in cancer therapy and 
prevention, it is considered important to evaluate the effects of ERMs on the physiological status as well as 
functional aspects, for safety and successful implementation. In the present studies, we evaluated the effects of 
2-DG (given in daily drinking water at doses 0.2% and 0.4% w/v), a potential ERM, on behaviour, under condi-
tion that was earlier shown to inhibit implanted tumor growth and induced tumorigenesis in mice [25] [26]. We 
found no evidence of any adverse effects of 2-DG on the behavioural performances observed at the end of 3 
months of administration that has been shown to significantly impair tumorigenesis. Besides, inhibition of tu-
morigenesis, administration of 2-DG has been shown to be significantly beneficial in reducing ageing and age 
related other neurodegenerative disorders such as Huntington’s disease, Parkinson’s disease, Alzheimer’s dis-
ease [6] [12] [38]-[40]. 

Several studies investigating the overall effects of chronic DER suggest a reduction in the age related decline 
in spontaneous motor activity and anxiety-like behaviour [41]-[43] along with a decrease in the age-related cog-
nitive impairment [44]. Contrary to this, certain studies have shown that DER results in depressive and/or anxi-
ety-like behavioural pattern as a consequence of deregulated cerebral serotonin neurotransmission axis/network 
[45]. Chronic DER designed to reduce body weight causes eating disorders and depressive behaviour [46], while 
lifelong DER failed to prevent age related impairment in spatial learning [47]. However, the present study dem-
onstrates that chronic dietary use of metabolic modifier 2-DG as an alternate to DER provides an advantage over 
the conventional DER as it does not cause/aggravate the stress and anxiety-like behaviour, locomotor activity 
and cognition disturbances at cancer preventive doses, unlike in the case of chronic DER studies.  

Dietary feeding of 2-DG at the doses used here posed no negative effect on the exploratory activity. On the 
contrary, 2-DG fed mice showed increased spontaneous locomotor activity as reflected by the increased hori-
zontal activity (number of grid lines crossed) in OFT. Also, the vertical movement in 2-DG groups was similar 
to that of the untreated mice. Earlier, studies have shown that rats fed with 2-DG in diet have increased dopa-
mine related locomotor responses [48]. 2-DG fed mice showed slightly reduced latency to enter the center with  
 

 
Figure 6. Grip strength test for neuro-muscular 
integrity. Values are given as mean ± SE. 
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relatively more time spent in center compared to control animals, suggesting that 2-DG did not induce more 
anxiety. Furthermore, the 2-DG fed mice had increased grooming behaviour with decreased defecation rate in-
dicating slight reduction in basal test condition related stress and anxiety. These findings were further supported 
by results in the EPM, where the performance of the 2-DG fed mice was not compromised. 

In the FST, immobility time was slightly shortened in 2-DG fed mice, indicating reduced depressive-like be-
haviour. We also demonstrated that mice fed with 2-DG display slightly improved cognitive functions (short 
term learning and memory), as evidenced by slightly increased discriminatory index in NORT. Most importantly, 
no detrimental effects of chronic 2-DG feeding on cognition was observed. In addition to this, mice subjected to 
dietary 2-DG had a slightly improved learning performance and spatial memory in the water maze test. These 
observations imply that extended administration of 2-DG as a component of the diet does not hamper the synap-
tic plasticity in the hippocampus, which plays a central role in long term learning and memory processes [33] 
[49]. Neuroprotective effects of 2-DG has been demonstrated by its effectiveness against convulsions and epi-
leptic seizures in rat model, with anticonvulsant and antiepileptic actions related to the modulation of glucose 
metabolism [27]. In Parkinson’s disease model of mice, 2-DG has been shown to induce faster recovery in be-
havioural disturbances caused by the neurotoxin, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) [38]. 

Our findings suggest that dietary administration of 2-DG at doses previously shown to be tumor inhibitory [25] 
is well-tolerated, in terms of coping up with stress and anxiety-like behaviour, locomotor activity and cognition. 
The uncompromised and or slightly improved behavioural performances observed in this study may likely in-
volve better glucoregulation (reduced blood glucose and serum insulin levels) and reduced cellular glucose 
availability along with 2-DG uptake posing mild metabolic stress [25]. This metabolic stress posed by 2-DG is 
known to cause metabolic adaptation such as ketosis [39], thereby reducing the oxidative stress and reduced 
oxidative damage to tissues and organs and importantly brain. 2-DG induced ketosis may at least in part account 
for the lack of any adverse effects on CNS/behaviour. Elevated levels of circulating ketones are thought to un-
derlie the therapeutic effects by bypassing cytoplasmic glycolysis and provide energy directly through the Krebs 
cycle [50] [51]. On the contrary, chronic consumption of sucrose in murine model of amyloid deposition has 
been shown to induce glucose intolerance, insulin resistance and deterioration of cognitive functions with en-
hanced Aβ deposits [52].  

It is pertinent to mention that in the present study, all behaviour parameters were tested at 6 months of age (i.e. 
after 3 months of chronic dietary 2-DG administration) and not in aged mice. Therefore, these results cannot be 
extrapolated for age related impairments in the cognition. Nevertheless, it is expected that dietary 2-DG would 
provide similar or improved behavioural performance in aged mice as well. This report does not include any 
molecular level study, since the aim of our study was to evaluate the safety aspects of chronic dietary 2-DG ad-
ministration, further studies are required to examine the effects on age-related behavioural consequences with 
insight on the underlying mechanisms.  

5. Conclusion 
There is a considerable amount of interest in using 2-DG alone or in combination with radio- or chemotherapy 
for the treatment of various cancers. Feasibility of administering 2-DG in combination with hypofractionated ir-
radiation of the tumor has been shown in malignant glioma patients without acute or late toxicity [21]. Since, 
effective systemic 2-DG levels can be achieved upon oral administration, considerable levels can be attained 
even in the brain as it can cross the blood brain barrier similar to glucose [53]. Since brain mainly utilizes glu-
cose for energy, CNS toxicity and functional disturbances could be causes of concern and limitations in using 
2-DG. However, findings of the present studies provide evidence that the use of 2-DG in a chronic dietary regi-
men is a safe anti-tumor strategy at 0.2% and 0.4% 2-DG (w/v) doses.  
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