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Objective: Diabetes mellitus is associated with cognitive disorders such as Alzheimer’s disease. Studies have shown 
that citicoline and benfotiamine can improve memory and learning through different mechanism of actions. The aim 
of this study was to compare the individual effects of benfotiamine (100, 200, 300 mg/kg) and citicoline (50, 100, 
250, 500 mg/kg, gavage) and their co-administration on memory impairments in diabetic mice. 
Methods: Diabetes was induced by a single dose of streptozotocin (STZ, 140 mg/kg, intraperitoneal) and benfotiamine 
and/or citicoline were administered for three weeks. Memory was evaluated using the object recognition task (ORT) and 
passive avoidance test (PAT). 
Results: Results from ORT shows that citicoline at 50, 100, 250, and 500 mg/kg and benfotiamine at 100, 200, and 300 
mg/kg and their combination (benfotiamine at 100 mg/kg added to citicoline at 50, 100, and 250 mg/kg) are equally effec-
tive in reversing the memory loss induced by STZ (p ＜ 0.001). PAT results demonstrate that citicoline at 100, 250, and 500 
mg/kg and benfotiamine at above doses did not improve the latency time when administered separately, but benfotiamine 
at a fixed dose of 100 mg/kg in the presence of citicoline at 50, 100, and 250 mg/kg increased the latency time and improved 
memory significantly. 
Conclusion: In conclusion, in PAT, co-administration of benfotiamine and citicoline was more effective than either alone 
in improving memory. Regarding ORT, although benfotiamine added to citicoline improved memory notably, the differ-
ence between combination therapy and single-drug therapy was not considerable. 
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INTRODUCTION

Alzheimer’s disease (AD) is the most common form of 
dementia, accounting for approximately two-thirds of all 
cases of dementia and affecting up to 40% of individuals 
older than 85 years [1,2]. Currently, there is no effective 
treatment for the recovery or even slowing the progression 
of the disease. The existing therapy is limited to the symp-
tomatic treatment with a very unsatisfactory outcome. 
Inadequate efficacy of the current AD therapy has led to 
the development of many different approaches. One strat-

egy is to use more than one compound at a time to interact 
with more than one target involved in the pathogenesis of 
AD [3]. Due to the multifactorial etiology of this disease, 
the combinational therapy could be a promising method. 
In this study, we aimed to investigate the effects of citico-
line and/or benfotiamine in mice model of dementia.

Citicoline (cytidine-diphosphate-choline) is an endoge-
nous substance which is vital for neural health and cell 
membrane consistency. According to some studies, cit-
icoline diminishes free radicals, stimulates dopamine re-
lease, and it has cholinergic effects in the brain without 
side effects on the body. Citicoline is considered a safe 
neuroprotective drug and is currently used in stroke, vas-
cular dementia, Parkinson’s disease and AD. Also, there is 
evidence that cognition and verbal memory in patients 
with chronic cognition and memory impairments such as 
dementia can be improved by citicoline [4]. It is also re-
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ported that citicoline prevents memory loss caused by 
aluminum-induced biochemical changes in hippo-
campus such as nitric oxide production and oxidative 
stress [5]. 

Thiamine (vitamin B1) is an essential cofactor that is re-
quired for the effective function of the central and periph-
eral nervous system [6,7]. Benfotiamine is one of the lip-
id-soluble derivatives of thiamine, which was developed 
to improve the bioavailability of thiamine [7]. Benfotiamine 
and thiamine mitigate cerebral oxidative stress that plays 
an important role in the pathogenesis of AD and diabetes 
[8,9]. The level of thiamine decreases in both diseases, 
and that can produce severe memory loss [10,11]. 
Thiamine deficiency (TD) causes significant glutamate ab-
sorption reduction and neurochemical impairments and 
neural death which is seen in the brain of patients with 
Wernicke−Korsakoff syndrome [12,13]. Moreover, TD 
causes glucose metabolism impairments and cholinergic 
reduction in the brain, which leads to memory impair-
ment [14,15]. In 2004, Ke and Gibson [16] demonstrated 
that TD enhances free radical damages in the brain. 
Thiamine reduces plaque formation and tau protein phos-
phorylation [17,18]. Thiamine and its related enzymes 
are vital for glucose metabolism [19]. Benfotiamine less-
ens advanced-glycation-end-products (AGEs) induced 
hyperglycemia in endothelial. AGE plays a vital role in the 
pathogenesis of AD and diabetes [20-22].

Considering the effectiveness of thiamine and citicoline 
on memory, in this study we investigated the combina-
tional effects of these two agents in cognitive dysfunction 
in streptozotocin (STZ) induced diabetic mice. STZ is an 
experimental drug that can cause Alzheimer’s-like cogni-
tive impairments. STZ causes diabetes by destroying 
ß-cells which produce insulin. Although the exact mecha-
nism is still unknown, STZ causes insulin resistance in the 
brain, and it reduces the brain glucose which can lead to 
augmented oxidative stress. It also causes cholinergic im-
pairment in the brain. Studies also express that STZ can in-
crease tau protein and ß-amyloid in the hippocampus 
[23,24].

METHODS

Reagents
STZ was purchased from Sigma-Aldrich (St. Louis, MO, 

USA). Citrate buffer was prepared freshly by mixing so-

dium citrate dehydrate (C6H5O7Na3･H2O, 0.1 M; Merck, 
Darmstadt, Germany) and citric acid monohydrate 
(C6H8O7･H2O, 0.1 M; Merck) to reach pH 4.4. STZ sol-
ution was prepared freshly before use. STZ powder was 
stored in −20°C. Citicoline oral solution (Somazina) was 
supplied by Ferrer Internacional, SA (Barcelona, Spain). 
Benfotiamine powder was obtained from Amin Pharma-
ceutical Company (Isfahan, Iran) and was dissolved in 
normal saline. Glucose meters and test strips were from 
Bionime (Berneck, Switzerland). Shuttle box for passive 
avoidance task was purchased from Teknik-Azma (Tabriz, 
Iran). 

Animals
Male Syrian mice (Pasture Institute, Tehran, Iran) at 6−

8 weeks old weighing 25−30 gram were kept under con-
venient condition of controlled temperature, humidity, 
and lightning, in the polyacrylic cages (6/cage). The mice 
had access to food and water ad libitum. Two hours be-
fore experiments, mice were acclimated to the main 
environment. To avoid diurnal cycle, all tests carried out 
between 9:00 AM to 13:00 PM. In order to prevent mice 
from suffering, the least number of animals were used. All 
animal experiments were approved by the Animal 
Research Ethics Committee of Isfahan University of 
Medical Science (ethical approval ID: IR.MUI.REC.1396. 
3.814) and performed in accordance with National 
Institute of Health Guide for the Care and Use of 
Laboratory Animals.

Experimental Process
The animals were divided randomly in 13 groups (n = 6−

8): STZ, STZ ＋ rivastigmine (2 mg/kg), Control, STZ ＋ cit-
icoline (50, 100, 250, 500 mg/kg), STZ ＋ benfotiamine 
(100, 200, 300 mg/kg), and STZ ＋ citicoline (50, 100, 
250 mg/kg) ＋ benfotiamine (100 mg/kg). In order to de-
termine the effective dose of STZ, before starting the 
study, separate mice were administered different doses of 
STZ, and the optimum dose was considered 140 mg/kg. 
STZ powder was dissolved in citrate buffer (pH 4.4, 0.1 M) 
freshly right before use and injected at 140 mg/kg, intra-
peritoneal in order to induce diabetes. The injection was 
completed within twenty minutes after solution prepara-
tion, and in order to prevent light, the injection was car-
ried out in a dark place while syringes and the solution 
were kept in a container of ice. At the end of the experi-
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Fig. 1. Object recognition test design.

ments (after three weeks), the fasting blood glucose test 
was determined by collecting blood from orbital sinus by 
Pasteur pipette after anesthesia. The blood glucose of 
more than 200 mg/dl was considered diabetes and the an-
imals that did not become diabetic were excluded from 
the study. Two days after STZ injection, mice were div-
ided randomly, and citicoline and/or benfotiamine or nor-
mal saline were administered by gavage once daily for 
twenty days. The object recognition task (ORT) was per-
formed on day 19, and the passive avoidance test (PAT) 
was carried out on days 20 and 21. The animals were sac-
rificed at the end of the study. All data were analyzed by 
one way ANOVA, followed by Tukey’s multiple compar-
ison tests.

ORT
The ORT was carried out according to He et al. [25], 

with some modifications. The test was performed in a cir-
cular field with a diameter of 32 cm and a height of 20 cm. 
To facilitate the assessments, a video tracking camera was 
set on the top of the box. One hour before the training tri-
al, mice acclimated in the empty field for 10 minutes and 
then brought back to their cage. Then in the training trial, 
two identical objects were placed in the field within 10 
cm distance from each other and 5 cm distance from the 
wall. The objects were made of plastic (4 cm height) (Fig. 
1). The mice then were put back in the field (in the posi-
tion in which their face opposes the objects) for 
exploration. Exploration was defined as sniffing or touch-
ing the objects with the nose or forepaws. Sitting on the 
object was not considered an exploratory behavior. The 
training trial terminated when the mice explored the ob-
ject for a total amount of 5 seconds or within 3 minutes. 
The animals that did not reach the exploration time of at 
least 5 seconds were eliminated from the study. The mice 
then were brought back to their cage and after one hour 
the test trial was carried out by presenting a familiar object 

and a novel one (with the same size of the familial object, 
with different shape) Our novel object was made of glass. 
When the mice explored two objects for 25 seconds or af-
ter five minutes the test was terminated. From several 
identical objects, each time a pair of objects was chosen 
randomly for each mouse. After each trial all the objects 
and the field were cleaned with alcohol 70%. At the end, 
discrimination index (DI), recognition index (RI), and the 
exploration frequency of the objects were recorded. 
Percentages of DI, and RI were calculated as follows:

DI = 
N − F  × 100, RI = N  × 100
N ＋ F N ＋ F

N and F are the exploration time of novel and familiar 
objects respectively.

PAT
The test was performed mainly on Das et al. [26] study 

article, and some minor adjustments were added. The ap-
paratus was a shuttle box made by Teknik-Azma, Iran. 
The PAT is a fear-motivated test used to assess short-term 
and long-term memory. The device consists of two cham-
bers of the same size (25 × 25 × 20 cm) that are separated 
by a guillotine gate (6 × 7 cm). One of the chambers is 
dark, and the other is illuminated with LED light. The floor 
of the dark and light chamber is made of stainless steel 
bars (3 mm) that are spaced 1 cm apart. The bars of the 
dark room are attached to the power supply. The animal’s 
position was detected by using high sensitivity photo-
electric transducer. Shuttle box was controlled through 
SB100 microprocessor base controller with a touch 
screen. In train session, rodents were placed in the bright 
room while the door was closed, after 6 seconds the guil-
lotine gate opened. The rodent by habit went through the 
gate and entered the dark room. The latency of entering 
the illuminated chamber was recorded as latency time 
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Fig. 2. Effects of benfotiamine ＋/− citicoline on memory on object recognition test in streptozotocin (STZ) induced diabetic mice. Memory 
performance was measured by: discrimination index = (N − F/N ＋ F) × 100 (A), and recognition index = (N/N ＋ F) × 100 (B) and frequency of 
explorations (C). Results are expressed as mean ± standard error of the mean (n = 6−8); data in (A), and (B) was analyzed by one way ANOVA, 
followed by Tukey’s multiple comparison tests. Data of (C) was analyzed by Student’s t test. 
(A, B) ††p ＜ 0.001 compared with control group, *p ＜ 0.05 and **p ＜ 0.001; compared with STZ group. (C) *p ＜ 0.05 and **p ＜ 0.001 compared 
with familiar object exploration.



Combination of Citicoline and Benfotiamine in Comparosin with Each Alone 85

(The rodents that did not entered the dark room after 180 
seconds were conducted to the dark room and the latency 
of 180 seconds was recorded for them). At this time, the 
door sensor detected the passage of the mouse and closed 
the door. Then after 3 seconds, the shock was applied to 
the subject by the pitch of the dark chamber (1 mA for 3 
seconds). The subject then was removed from the room 
and transferred to its cage until the test phase. The test ses-
sion performed 1 hour and 24 hours after the train session. 
In the test session the rodent was placed in the light cham-
ber while the door was closed. After 6 seconds the door 
was opened. The first time that rodent entered the dark 
room was recorded as latency time. The number of cross-
ings between chambers and the total time that rodent 
spent in the dark and light chamber was recorded. Test 
session continued for 3 minutes. The latency time of en-
tering the dark room was displayed as the target test pa-
rameter in the display. The longer it is, the higher the train-
ing of the mouse to overcome its natural instinct to stay in 
the dark environment and the escape of light. After each 
test, the chambers were cleaned with alcohol 70%. 

RESULTS

ORT
Figure 2 shows the effects of benfotiamine ＋/− citico-

line on memory in ORT in STZ induced diabetic mice. As 
clarified by one-way ANOVA, the difference between 
groups in the DI and RI were significant. According to 
Figure 2A, Tukey’s comparison tests revealed that a single 
dose of STZ at 140 mg/kg significantly (about 60%) de-
creased DI compared with the control group. 
Rivastigmine (2 mg/kg), which is an approved neuro-
protective drug that is widely used in studies as appositive 
control for evaluating cognition and memory, is used in 
order to evaluate the reliability of the test. As expected, it 
was observed that rivastigmine reversed STZ effects and 
enhanced DI approximately to the control level. This ef-
fect was statistically significant for citicoline, benfoti-
amine, and the co-administration of them (p ＜ 0.001 or p 
＜ 0.05) (Fig. 2B). The results of RI was similar to DI. The 
magnitude of the effect of co-administration therapy and 
citicoline or benfotiamine alone on recognition memory 
were identical.

Figure 2C shows the frequency of explorations, and it 
indicates that a single dose of STZ at 140 mg/kg caused 

the animals to explore both objects almost equally. On 
the other hand, all the other treatments caused the rodents 
to discriminate between novel and familiar object.

As a result, in the ORT, there is no difference between 
combination and single treatments in improving memory.

PAT
Figure 3 shows the effects of benfotiamine ＋/− citico-

line on memory in PAT in STZ induced diabetic mice. 
Latency time of entering the dark room for the first time in 
test session performed 1 hour (Fig. 3A), and 24 hours (Fig. 
3B) after train session is shown. Figure 3A shows that a 
single dose administration of STZ at 140 mg/kg, decreased 
the latency time by about 90% in comparison to the con-
trol group. Rivastigmine at 2 mg/kg reversed the STZ effect 
approximately to the control level. Comparisons of laten-
cies in the citicoline or benfotiamine treated groups with 
latencies of STZ treated group did not show a significant 
increase in latency except benfotiamine at 200 mg/kg, but 
co-administration of benfotiamine at 100 mg/kg added to 
citicoline at 50, 100, and 250 mg/kg increased the latency 
times significantly (p ＜ 0.05 or p ＜ 0.001). The statistical 
results of Figure 3B were the same as the test session per-
formed 1 hour after training.

Figure 4 shows the effects of benfotiamine ＋/− citico-
line on memory in PAT in STZ induced diabetic mice. The 
number of crossings between dark and light chambers in 
the test session, performed 1 hour (Fig. 4A), and 24 hours 
(Fig. 4B) after train session is shown. The number of cross-
ings in STZ treated animals were significantly higher 
(60%) than the control group. Rivastigmine, on the other 
hand, reversed the effect of STZ almost to the control level 
(p ＜ 0.05). Treatments with benfotiamine or citicoline 
each alone did alter the number of crossings significantly, 
while the co-administration of benfotiamine at 100 mg/kg 
added to citicoline at 50 and 250 mg/kg showed a sig-
nificant drug effect on the number of crossings (Fig. 4A). A 
significant increase in crossings was found in STZ treated 
groups in relation to the control group. Rivastigmine at 2 
mg/kg reversed the STZ effect and decreased the number 
of crossings to the control level (p ＜ 0.001). Citicoline at 
100, 250, and 500 mg/kg and benfotiamine at 100, 200, 
and 300 mg/kg significantly decreased number of cross-
ings (p ＜ 0.05 or p ＜ 0.001). Benfotiamine at a fixed 
dose of 100 mg/kg and citicoline at 50, 100, and 250 
mg/kg decreased the number of crossings further (p < 
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Fig. 3. Effects of benfotiamine ＋/− citicoline on memory on passive avoidance test in streptozotocin (STZ) induced diabetic mice. Memory 
performance was measured by latency time of entering the dark chamber for the first time in the test session performed 1 hour after train session (A), 
and 24 hours after train session (B). Results are expressed as mean ± standard error of the mean (n = 6−8); and analyzed by one way ANOVA, 
followed by Tukey’s multiple comparison tests. 
††p ＜ 0.001 compared with control group, *p ＜ 0.05 and **p ＜ 0.001 compared with STZ group.

0.001) (Fig. 4B).
Figure 5 shows the effects of benfotiamine ＋/− citico-

line on memory in PAT in STZ induced diabetic mice. The 
total amount of time that rodents had spent in the dark 
chamber in test session performed 1 hour (Fig. 5A), and 24 
hours (Fig. 5B) after train session is shown. In both test ses-
sions, STZ at 140 mg/kg caused the animal to spend sig-
nificantly more time in the dark room, compared to the 
control level, and Rivastigmine reversed the STZ effect (P 
＜ 0.05). Figure 5A shows that among all treatments of this 
study, benfotiamine at 200 mg/kg alone, and benfoti-
amine at a fixed dose of 100 mg/kg in the presence of cit-
icoline at 50, 100, and 250 mg/kg could decrease the dark 
time significantly (p ＜ 0.05 or p ＜ 0.001). Figure 5B 

demonstrates that citicoline at 500 mg/kg, benfotiamine at 
100 and 200 mg/kg decreased the dark time significantly 
(p ＜ 0.05). Benfotiamine at a fixed dose of 100 mg/kg 
added to citicoline at 50, 100, and 250 mg/kg decreased 
the dark time to the control level (p ＜ 0.001).

As a result, the co-administration of benfotiamine and 
citicoline has better effects than single therapy in PAT.

Figure 6 shows the effects of benfotiamine ＋/− citico-
line for three weeks on body weight in STZ induced dia-
betic mice. The difference in body weight between groups 
was not significant, but the mean weight was increased by 
almost 1 gram at the end of the study.

A significant decrease in DI and RI values that were ob-
served in animals treated with STZ in ORT model was re-
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Fig. 4. Effects of benfotiamine ＋/− citicoline on memory on passive avoidance test in streptozotocin (STZ) induced diabetic mice. Memory 
performance was measured by number of crossings between dark and light chambers in the test performed 1 hour after train session (A), and 24 hours 
after train session (B). Results are expressed as mean ± standard error of the mean (n = 6−8); and analyzed by one way ANOVA, followed by Tukey’s
multiple comparison tests. 
††p ＜ 0.001 compared with control group, *p ＜ 0.05 and **p ＜ 0.001; compared with STZ group. 

versed by administration of rivastigmine. In PAT, admin-
istration of rivastigmine also improved the latencies that 
were significantly lowered with STZ. This is an expected 
effect from a drug with anticholinesterase activity. In brief, 
the co-administration of citicoline and benfotiamine en-
hances the PAT more than each substance alone. But in 
the ORT, the results were the same in citicoline, benfoti-
amine, and the co-administration therapy. In ORT, a com-
bine action of benfotiamine (100 mg/kg) and citicoline 
(50, 100, and 250 mg/kg) was no more effective than ei-
ther alone indicating lack of synergistic or even additive 
effects. In the PAT model, however, the combination of 
benfotiamine and citicoline was more effective in improv-
ing the short-term memory (STM) and long-term memory 
(LTM) than either drug alone. Numbers of crossings be-

tween dark and light chambers were not different among 
groups in acquisition trial performed 1 hour after training. 
But after 24 hours, citicoline and benfotiamine at different 
doses reduced these numbers significantly. Benfotiamine 
added to citicoline at all tested doses showed a more con-
siderable decrease in numbers of crossings indicating that 
different doses of citicoline in the presence of benfoti-
amine improves memory more effectively than single 
drug therapy. When the total time spent in the dark cham-
ber was studied, rivastigmine significantly reversed the 
STZ effects, and the co-administration of the two drugs 
improved memory more effectively than each agent 
alone.
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Fig. 5. Effects of benfotiamine ＋/− citicoline on memory on passive avoidance test in streptozotocin (STZ) induced diabetic mice. Memory 
performance was measured by total time spent in the dark chamber in test session performed 1 hour after train session (A), and 24 hours after train 
session (B). Results are expressed as mean ± standard error of the mean (n = 6−8); and analyzed by one way ANOVA, followed by Tukey’s multiple 
comparison tests. 
†p ＜ 0.05 and ††p ＜ 0.001 compared with control group, *p ＜ 0.05 and **p ＜ 0.001; compared with STZ group.

Fig. 6. Effects of benfotiamine ＋/−
citicoline on body weight in strepto-
zotocin (STZ) induced diabetic mice.
Results are expressed as mean ±
standard error of the mean (n = 6−
8); and analyzed by Student’s t test.
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DISCUSSION

Several preclinical and clinical studies have shown the 
beneficial effects of benfotiamine and citicoline in models 
of memory impairment using different behavioral task 
[4,5,27-29]. However, none have studied the combina-
tional actions of these two substances on memory 
function. Therefore, the present study investigated the ef-
fects of chronic treatment with benfotiamine and citico-
line as single agents and compared this with their combi-
national actions on memory impairment in mice induced 
by STZ. 

In this study, a single i.p. injection of STZ (140 mg/kg) 
has produced cognitive deficits in both models of memo-
ry, namely PAT and ORT. The intensity of memory im-
pairment by STZ in both paradigms was very similar. In 
PAT paradigm, the diabetic mice showed a poor perform-
ance in learning and memory test, as they took a shorter 
time (lower latency) to enter the dark chamber. We found 
that in ORT, both the DI and RI were significantly affected 
by STZ indicating a weaker performance in learning and 
memory. Administration of STZ through different routes is 
known to selectively destroy insulin reducing/secreting  
cells in the pancreas, causing type I diabetes mellitus in 
adult animals. Insulin resistance initiated by STZ results in 
AD-like pathologies resembling sporadic type AD which 
is highly prevalence type AD [30]. Although STZ is con-
sidered to be a unique compound for modeling diabetes 
in animals with acceptable validity, however, variability 
in preparation, the dose of STZ, animal strain, age and 
other characteristics of experimental subject do exist [31]. 
For example, unlike other studies where they observed 
weight loss in animals [32], in this study, the body weights 
of the mice increased at the end of treatments by approx-
imately 1 gram. This could only be due to the variations in 
dose or the duration of STZ treatments. 

Rivastigmine has been shown in number of other stud-
ies to improve the cognition deficit in different tasks 
(immediate memory, long term memory, and short term 
memory) and decrease the acetylcholinesterase activity in 
the cerebral cortex, hippocampus, and striatum induced 
by ketamine in rats [33,34]. The destructive effects of STZ 
and the beneficial effects of rivastigmine in these two 
tests, observations proved the validity of the apparatuses 
in mice.

In diabetic mice, administration of benfotiamine and 

citicoline, given separately for three weeks, significantly 
and dose independently improved cognitive and STM and 
LTM deficit in both paradigms, ORT and PAT. Because of 
the high mortality rate during the study in mice treated 
with higher doses of citicoline, it can be concluded that 
citicoline at lower doses of 50 and 100 mg/kg can have a 
better effect in memory, especially when added to 
benfotiamine. 

The results that we have obtained after the individual 
administrations of benfotiamine or citicoline matches 
with previous reports [35-37]. Memory improvement by 
benfotiamine and citicoline are thought to be due to sev-
eral factors. Thiamine is thought to affect memory func-
tion through several mechanisms such as cholinergic 
pathway, reducing free radicals and cerebral oxidative 
stress, glutamate uptake, and managing glucose metabo-
lism in the brain [8,9,12-16]. Benfotiamine also lessens 
AGE-induced hyperglycemia in endothelial that plays an 
essential role in the pathogenesis of AD and diabetes 
[20,22]. Citicoline has a similar effect in diminishing free 
radicals and cholinergic effects [5,38-40], but it also has a 
stimulating effect on dopamine release [41]. 

Despite the wide range of actions by benfotiamine and 
citicoline, the co-administration of these two substances, 
showed little difference in the ORT model when com-
pared to their individual effects. In the PAT model, how-
ever, the story was different, meaning the more effective 
improvement in memory function by combinational 
therapy. The reason for observing such differences in 
these two models could be several folds. First, this might 
be due to the different types of memory that are assessed 
in these two behavioral tests. A suggested categorization 
of memory divides memory based on various criteria, 
such as its duration (STM vs. LTM), its content (explicit vs. 
implicit), and its motive (appetitive/reward vs. aversive). 
The length of memory was assessed in PAT. Results from 
PAT latencies show that the strength of STM and LTM was 
enhanced equally, the number of crossings, on the other 
hand, indicates that LTM was improved more than STM. 
Different enhancement of memory in short-term and 
long-term could be due to different paths through which 
STM and LTM are processed. STM is not the early phase of 
LTM, and they process independently through parallel 
paths [42]. The kind of memory that is assessed in ORT is 
different in motive and content; PAT evaluates the implicit 
memory while ORT assesses explicit memory [43,44]. In 
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PAT, rodents learn to avoid an aversive stimulus (electric 
foot-shock) by inhibiting a response, so it is related to an 
aversive memory while ORT shows non-aversive spatial 
memory [42,45]. Second, different parts of the brain 
might be involved in these two tests. ORT is believed to be 
related to parahippocampal regions (perirhinal, entorhinal, 
and inferior temporal cortices) [46], whereas in PAT, 
amygdala and insular cortex are thought to play an im-
portant role [47]. Finally, according to some studies, 
one-trial object recognition test, sometimes may not be 
able to assess novelty. The discrimination can be con-
strued in two ways; animals could explore each object 
equally because they could have been recognized as the 
novel or as familiar [48]. It also cannot assess the measure 
of the memory of when the animal had faced the object, 
and so it is hard to evaluate the strength of the memory 
Thus, the difficulty in detecting the intensity of memory of 
an event remains inaccessible to the experimenter [49]. 

Combination therapies increase the probability of de-
signing new drugs with better efficacy, decreased toxicity, 
and reduced development of drug resistance. The present 
study demonstrates that the combination of benfotiamine 
and citicoline is more effective than single-drug treatment 
in reversing the memory dysfunction induced by STZ in 
PAT model. In the ORT model, however, single-drug 
treatments were as effective as combinational treatment 
indicating that unlike PAT case, the combinational ther-
apy is ineffective. We show here that the synergistic or ad-
ditive actions that are typically expected to occur by drug 
combinations may not arise and drug combinations can-
not resemble the more potent signature of a single drug in 
every case and test paradigm.
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