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ARTICLE INFO ABSTRACT

Keywords: Objective: Ascorbic acid is the most abundant water-soluble naturally
Foot-shock stress; Body weight; Hyper- Occurring organic compound with antioxidant properties. It serves as a
thermia; Rectal temperature; Immobility; ~ cofactor for enzymes involved in hormone biosynthesis, and the regeneration
Pentobarbital induced sleep; Diazepam of antioxidants. Plants and food rich in ascorbic acid have been widely used in
Ayurveda to treat a variety of psychologically stress related disorders.

Materials and Methods: The experimental protocol was designed to evaluate
the oral efficacies of ascorbic acid for putative adaptogenic activity in male
mice. A battery of behaviour test models viz. stress-induced hyperthermia, tail
suspension test, and pentobarbital-induced hypnosis were used to evaluate the
adaptogenic activity of ascorbic acid. Mice were divided in different groups, and
were orally administered with daily doses of ascorbic acid (5, 25, 125 and 625
mg/kg) solution (10 ml/kg) prepared with pH balanced distilled water for 11
consecutive days. For assessing long term effects of treatments against stress
triggered physiological response, changes in body weights and basal rectal
temperatures were also quantified.

Results: Stress-induced hyperthermia was significantly (p<0.05) reduced by
ascorbicacid in dose dependent manner and also compensated the body weight
and basal rectal temperature due to daily handling and intermittent foot shock
induced stress. Daily treatments with the acid also reduced the immobility
period in tail suspension test and had considerable potentiating effect on onset
and duration of sleep in pentobarbital-induce hypnosis test in dose dependent
manner.

Conclusion: These observations suggest that ascorbic acid is potentially an
adaptogenic agent, and that it could be used for prevention and cure of diverse
spectrums of stress triggered psychopathologies.

Introduction

Ascorbic acid (vitamin C) is a water-soluble vitamin that participates in a wide range of physiological reactions. It is
an exogenous antioxidant which promotes and maintains the body’s defence mechanisms against oxidative stress and
associated disorders [1,2]. For the synthesis of collagen, carnitine and catecholamines, it also acts as a cofactor to initiate
hydroxylation reactions needed [1]. The antioxidant properties of this vitamin are due to its electron donating and free
radical scavenging action [3]. Animal studies have revealed analgesic [4], anti-inflammatory [5], and antidepressants and
anxiolytics like [6-12] efficacies of ascorbic acid, and that as an antioxidant it reduces growth rates of aggressive tumours
without any apparent side effects [13,14]. Various in vitro and in vivo studies have also revealed its antioxidant activites
[15], and suggest that due to its antioxidant properties it acts as a neuromodulator [16], and neuroprotective agent [3,17].
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Italso modulates noradrenergic and dopaminergic neurotransmission by facilitating nerve growth [18-25]. Clinical reports
from various randomized trials shown that at high-doses, ascorbic acid could be able to reduced both internal and external
physiologic stressors, and maintains homeostasis of body in stress associated conditions [26]. These reports indicate that
ascorbic acid is an essential vitamin which could modulate several therapy relevant biological functions.

Stress responses are specific as well as non-specific. The stress producing factors are different and yet they all
produce essentially the same biological stress. The body responds to increased psychological demands by releasing
adrenocorticotropin (ACTH) from the anterior pituitary and consequently glucocorticoids from the adrenal cortex,
epinephrine from adrenal medulla and norepinephrine from sympathetic nerves. The management of unusual stress has
huge significance in day-to-day life. It is possible to support the body’s adaptation by using food supplements, dietary
elements, herbs and minerals for increasing physical and psycological performance. Supplementation with various macro-
and micro-nutrients and herbal preparations has been shown to possess adaptogenic activity during exposure to stressful
environment. Such substances have been described as ‘adaptogens’ [27,28]. Although efforts from various disciplines
around the world were made to evaluate the activity of ascorbic acid against various stress associated disorders, as yet
no reports on its adaptogenic potentials have appeared. Lack of information of its potential usefulness as an adaptogen
triggered our interests to conduct a pilot study for the selection of safe and yet effective dose range that could be used
for future evaluation of its beneficial effects against stress induced comorbid psychopathologies. For such purposes, a
standardised and pharmacologically well validated mouse bioassay for herbal adaptogens [29,30] was used.

Materials and methods
Animals

Swiss albino male mice (20+5 g) were obtained from the Central Animal House of the Institute of Medical Sciences, Banaras
Hindu University, Varanasi, Uttar Pradesh, India (Registration Number: 542 /AB/CPCSEA). Prior approval from the Central
Animal Ethical Committee of the University (CAECU) was taken for this study protocol (Dean/2014/ CAEC/609, dated
30.05.2014). The animals were housed in groups of six in polypropylene cages at an ambient temperature of 25+1 °C and
45-55% relative humidity, with a 12:12 h light/dark cycle. They were always provided with commercial food pellets and
water ad libitum, and were acclimatized for atleast 1 week before using them for the experiments. Behavioural experiments
were conducted between 09.00 and 14.00 h, and "Principles of laboratory animal care” (NIH publication number 85-23,
revised in 1985) guidelines were always followed.

Animal grouping and drug treatments

Male mice were equally divided in experimental groups of six animals each. Ascorbic acid (Sigma Aldrich Chemicals Pvt.
Ltd., Bangalore) was dissolved in distilled water for oral treatment of animals. Before administration, this acidic solution
was neutralized with sodium bicarbonate to maintain pH 6.8-7.4. Orally administered volume of treatments was always 10
ml/kg, and the control animals were treated accordingly with the vehicle only. In this pilot experiment the effects of single
and repeated daily oral doses of ascorbic acid (5, 25, 125 and 625 mg/kg/day; p.o.) were evaluated in mice groupson 1, 5,
7,10, 11 and 12 day of the experiment. Diazepam (5 mg/kg/day) was used as a reference or standard drug. The standard
drug treated group was always run in parallel in the experiment, and all tests were conducted 60 min after the treatments
(except for the last day of the experiment when no treatments were given). Experimental protocol used in this pilot study
is graphically summarized in Figure 1.

Foot shock Stress induced transient hyperthermia

On 1%, 5%, 7' and 10" day of experiment the body weight and rectal temperatures of all the animals were measured before
drugs administration. After 60 min of treatment with the drugs to their respective groups, individual mouse from each
group was placed in a black box (24 x 29 x 40 cm) with a grid floor for 1 min. Electric foot shock through the grid floor
(2 mA, 50 Hz of 2 ms duration) was delivered for transient stress induction. Five consecutive foot shocks of 2 mA at 10 s
intervals were given starting at 10 s. At the end of a minute the animals were placed back in their home cage. Change in
rectal temperature was measured after 10 min by rectal thermometer [31].

Tail suspension test

On the 11' day of the experiment body weights and rectal temperatures of all the animals were measured before and 60
min after the drugs administrations, immediately thereafter individual mouse from each group was hung on a wire in
an upside down posture. After initial vigorous movements, the mouse assumed an immobile posture and the period of
immobility during 5 min observation were recorded [32].

Potentiation of pentobarbital induced hypnosis

On the 12 day (i.e. 24 hr after the last treatments) body weights and rectal temperatures of all the animals were recorded
again. Immediately thereafter, individual mouse from each test group was challenged with pentobarbital (40 mg/kg, i.p.)
for sleep induction. Time taken (in seconds) for onset of sleep (loss of righting reflex), and duration of sleep were recorded
[33].
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Figure 1: Graphical representation of the experimental protocol used

Statistical analysis

Meanz*standard error of mean (SEM) was calculated for the observed values in each experimental group. Statistical analysis
was performed by one way analysis of variance (ANOVA) followed by Student-Newman-Keuls multiple comparison test.
Two way ANOVA followed by Bonferroni post test, and t-test were performed when stated. GraphPad Prism- 5 software
(GraphPad Software, Inc. CA, USA) was used for statistical analysis. Origin-Pro 8 (OriginLab Corporation, MA, USA) software
was used for graph representation. p<0.05 was considered to be statistically significant.

Results
Body weights

Mean body weights of the control, reference drug and different doses of ascorbic acid treated groups on the observational
days are shown in the Figure 2. It is apparent from this figure that mean body weights of control group decreased
significantly and continuously during the 12 observational days, and that such were also the cases for the diazepam (5
mg/kg/day) or 5 and 25 mg/kg/day ascorbic acid treated groups. On the contrary, mean body weights of the 125 and 625
mg/kg/day ascorbic acid treated groups on day 5 onward were always higher than those recorded for them on the 1st day
of the experiment. Rates of increases in body weight of both these groups were almost equal and similar in magnitude to
those expected for male mice of the colony used in this experiment. These observations reveal that minimally effective
daily oral doses of ascorbic acid in affording protections against intermittent foot shock and daily handling triggered
weight losses in mice lie between 125 mg/kg and 25 mg/kg, and that in this respect it is most probably not an diazepam
like anxiolytic agent.
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Figure 2: Effect of daily handling and intermittent foot shock stress on mean body weights of mice treated with Ascorbic acid, or with diazepam.
Values are mean+SEM, n=6. *p<0.05 versus control group (Two way ANOVA followed by Bonferroni post tests). AA- Ascorbic acid
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Basal rectal temperatures

Mean basal rectal temperatures of different groups recorded during the course of the experiments were showed in the
Figure 3. As expected from our earlier observations made under similar experimental conditions, basal rectal temperatures
of the vehicle treated control group increased slightly on the 5" day and subsequent observational days and remained
almost constantly elevated on the 7, 10, 11*, and 12% days of the experiments. This daily handling and intermittent foot
shock-induced elevation of body temperatures within physiological ranges were antagonized by ascorbic acid dose higher
than 25 mg/kg/day, and such was also the case for the reference drug diazepam (5 mg/kg/day) treated group. Unlike in
the control groups, basal rectal temperature of the diazepam treated group remained almost constant on all observational
days. Except for the 5 mg/kg/day ascorbic acid treated group, mean basal rectal temperatures of all other ascorbic acid
treated groups were significantly lower than those of the control group on the 10, 11™ and 12 days of the experiment and
were similar in magnitude to those of the control group recorded on day 1. These observations reveal that the minimally
effective daily oral dose of ascorbic acid for antagonising handling and foot shocks triggered slight elevation of basal rectal
temperatures is 25 mg/kg, and that in this respect its effects are qualitative similar to that of the anxiolytic diazepam.
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Figure 3: Effect of ascorbic acid, or of diazepam, on basal rectal temperature in mice on day 1, 5, 7, 10, 11 and 12 of the experiment. Values are
mean+SEM, n=6. ¥p<0.05 versus day 1 values of the same group (One way ANOVA followed by Student-Newman-Keuls multiple comparison test)
and *p<0.05 versus control group (Two way ANOVA followed by Bonferroni post tests). AA- Ascorbic acid

Foot shock Stress-induced transient hyperthermia (SIH)

As shown in Figure 4, transient hyperthermic responses induced by 1 min duration of foot shocks in the vehicle treated
control group on the 5%, 7" and 10" observational days were a higher than that observed for the group on the first day. But
this mean value of the group was always between 0.7 and 0.9 °C. On the first test day the mean values of all the other test
groups were statistically not significantly different from the control group. However statistically significant antagonistic
effects of diazepam (5 mg/kg/day) and 125 or 625 mg/kg/day doses of ascorbic acid against this response were observed
on observational days 5, 7 and 10. Although efficacies of treatments observed in these three groups increased somewhat
with increasing number of test days, none of them completely abolished the foot shock stress triggered transient
hyperthermia. On all test days the mean values of the 5 mg/kg/day ascorbic acid treated groups were almost identical to
those of the control group, whereas those of the 25 mg/kg/day ascorbic acid treated one on days 7 and 10 were somewhat
lower (but not statistically significantly different) than those of the control group. These observations reveal again that
the pharmacologically effective dose range of ascorbic acid against stress triggered responses increases with increasing
number of days of daily treatments, and that its pharmacologically effective dose range against stress triggered responses
lies between 25 and 125 mg/kg/day.

Tail suspension test

Results of the tail suspension test conducted on the 11 day of the experiment are summarised in Table 1. Like in our
earlier studies using the same bioassay system [30], significant effect of daily diazepam (5 mg/kg/day) treatment was
observed in this test. Diazepam like and statistically significant and dose dependant effects of ascorbic acid was observed
after its 11 daily doses between 25 and 625 mg/kg. Hereupon the efficacy of 125 mg/kg/day ascorbic acid was comparable
to that of 5 mg/kg/day diazepam.
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Figure 4: Effects of ascorbic acid and of diazepam on foot shock stress induced transient hyperthermia in mice on the observational days 1, 5, 7
and 10. Values are mean+SEM, n=6. “p<0.05 versus control group on same day with diazepam group (t-test) and *p<0.05 versus control group

(Two way ANOVA followed by Bonferroni post tests). AA- Ascorbic acid

Treatment groups Immobility period (sec)
Control 149.33+0.88

AA (5 mg/kg) 147.50+0.99

AA (25 mg/kg) 145.00+1.06*

AA (125 mg/kg) 130.17+1.05*

AA (625 mg/kg) 104.83+1.14*

Diazepam (5 mg/kg) 137.17+1.19*

Values are mean+SEM, n=6. *p<0.05 versus control group (One way ANOVA followed by Student-Newman-Keuls multiple comparison test). AA- Ascorbic acid.
Table 1: Effect of ascorbic acid on tail suspension test on day 11 of the experiment

Pentobarbital induced sleep test

As compared to the mean values for sleep induction and duration of sleep in the vehicle treated control group, those of the
diazepam treated one were significantly lower (Table 2). Statistically significant and dose dependant effects of ascorbic
were observed after its 11 daily oral doses between 25 and 625 mg/kg. Quantitatively, the efficacy of the highest dose of
ascorbic tested (625 mg/kg/day) was of the same order of magnitude as that of 5 mg/kg/day diazepam. In pentobarbital
induced sleep test, ascorbic acid and diazepam treated groups showed significant potentiating effects on onset and
duration of sleep in dose dependent manner as compared to control mice. Since this test was conducted 24 hours of the
last administered doses of the test agents, their observed effects seem to be due to their longer lasting physiological effects
after their repeated daily oral doses.

Treatment groups Onset of sleep (sec) Duration of sleep (min)
Control 167.33+0.92 66.67+0.99
AA (5 mg/kg) 165.50+0.85 67.33+1.05
AA (25 mg/kg) 143.67+1.09* 70.50+0.89*
AA (125 mg/kg) 129.33+1.15* 71.67+0.95*
AA (625 mg/kg) 91.00+1.13* 75.17+1.08*
Diazepam (5 mg/kg) 83.50+1.18* 77.67+1.05*

Values are mean+SEM, n=6. *p<0.05 versus control group (One way ANOVA followed by Student-Newman-Keuls multiple comparison test). AA- Ascorbic acid.
Table 2: Effect of ascorbic acid in pentobarbital induced sleep test conducted on day 12 of the experiment (i.e. 24

hours after 11 daily treatments)

Discussion

Ascorbic acid contents of several edible and other medicinal plants commonly used in Ayurvedic and other traditionally
known systems of medicine as rejuvenating or adaptogenic herbs are high, and its antioxidative and stress response
modulating effects in plants have been known since long [34]. Although numerous reports have consistently revealed its
diverse brain function modulating and stress response modulating activities [2-4,6-12,15-17,21,23,26], as yet no report
comparing the efficacies of it pharmacologically interesting dose ranges after its single and repeated daily doses have
appeared. Observations reported in this communication add experimental evidences in support of the conviction that
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ascorbic acid could be pharmacologically classified as an adaptogen with a broad spectrum of stress response modulating
activities, and suggest that its efficacies will depend not only on its daily doses but also on the number of days of treatments.
To our judgements this is the first report of a more systematic dose finding study with the acid commonly consumed with
every day meals, or with numerous herbal remedies and nutraceuticals.

The mouse bioassay used in this pilot study evolved during our efforts to define psychopharmacological activity profiles
of Ayurvedic and other traditionally known herbal remedies, and is now often used in our laboratories for identifying
bioactive constituents of herbal adaptogens [30]. By definition adaptogens are nontoxic substances that non-specifically
increase the resistance of an organism to wide range of harmful influences and normalize its functions [35], and their
anxiolytics or antidepressants like and other efficacies observed in animal models are mainly due to their stress response
modulating effects [36]. Diverse modified versions of stress induced hyperthermia tests are now often used for identifying
anxiolytic like effects of test agents [37,38], and it has been known since long that psychological stress elevates core body
temperature [39,40]. Amongst all rodent models for conventionally known antidepressants, the mouse tail suspension
test is the most versatile one in which the efficacies of agents with diverse modes of actions can be easily detected after
their repeated daily doses [41]. Our earlier observations have revealed that the stress response modulating effects of
psychoactive drugs like diazepam or imipramine as well as those of the glucose homeostasis regulating drug metformin
can be detected in the bioassay procedure used in this study.

Although diazepam was initially developed as an anxiolytic drug, its antidepressants like efficacy have also been observed in
clinical trials after its single or repeated daily doses [42]. Since both anxiolytic and antidepressant like efficacy of repeated
low oral doses (5 mg/kg/day) of diazepam could easily be detected in the mouse bioassay system in our earlier studies
[30], the same dose of the drug was used as a reference in this study as well. Observations reported in this communication
reveal that except for the body weight losses caused by daily handling and intermittent foot shock stress, the observed
effects of ascorbic acid on all other quantified parameters were qualitatively almost identical to those of diazepam. It must
be noted that neither the tested dose of diazepam nor even the highest dose of ascorbic acid tested (625 mg/kg) had any
significant effects on foot shock stress triggered transient hyperthermia after their first oral doses and that all observed
efficacies of both the test agents increased with the increasing number of treatment and observational days. Therefore,
it is seems reasonable to assume that although both the test agents are modulators of diverse stress-triggered responses
quantified in this bioassay, their modes and sites are most probably not identical.

Reduction in body weights and elevation of core temperatures are observed in rodents subjected to experimental stress
and both these responses can be modulated by altering the palatability or caloric values of their meals [43,44]. Both
these stress triggered alterations observed in the vehicle treated control group during the course of the experiment were
completely absent in the 125 mg/kg/day as well as 625 mg/kg/day ascorbic acid treated groups. These observations taken
together other bioactivities of ascorbic acid observed in this study suggest that 125 mg/kg is the maximally effective stress
response inhibiting daily dose of ascorbic acid for affording complete protection against both the long term effects of daily
handling and intermittent foot shock stress triggered physiological responses in mice, and that its 5 times higher oral daily
doses are well tolerated by them.

It was interesting to note though, that 125 mg/kg/day was not the maximally effective dose of ascorbic acid in the tail
suspension test or in the pentobarbital induced sleep test. In both these tests, efficacy of 625 mg/kg/day of ascorbic acid
were somewhat higher than those of its 125 mg/kg daily doses. These observations could indicate that its modulatory
effects on central sensitivity of the animals to tail suspension stress or to sedative effects of pentobarbital are not due to its
observed effects on body weight losses and thermoregulatory mechanisms only. More detailed and precise dose response
experiments and by quantification other stress responses will be necessary for more definitive statements concerning the
pharmacologically interesting dose ranges of ascorbic acid and its modes and sites of action. It remains certain though, that
although some observed effects of ascorbic acid are like those of diazepam, its observed activity profile in the bioassay is
more like those of centrally acting adaptogens than those of the conventionally known anxiolytic.

It must be noted though that the pentobarbital hypnosis test used in this bioassay is a sensitive one not only for detecting
effects of agents on central nervous system, but also for estimating the effects of treatments on drug metabolising enzymes.
Thus the efficacy of ascorbic acid or diazepam observed in this test must not necessarily be due to its central sensitivity
altering properties only. Since this daily dose dependant efficacy of ascorbic acid in this test was observed 24 hours after
its last oral doses, this could as well be due its long term regulatory effects on genetic expressions [45,46]. That such could
as well be case is suggested also by the observations that its minimally effective daily dose for all its quantified effects in
the bioassay was always 25 mg/kg/day, and that all its stress response protective effects quantified always increased with
increasing number of treatment days. Therefore efforts to experimentally verify this possibility will now be made in our
laboratories. During such effort due attention will be paid to the bactericidal and bacteriostatic activities of ascorbic acid,
which could alter the gut microbial ecology involved in regulating stress responses [47].

Amongst all bioactive constituents of herbal remedies and plant derived diets commonly recommended by Ayurvedic
medical practitioners for prevention and cure of stress triggered psychopathologies, ascorbicacid is one of the quantitatively
major one. Although reports on beneficial effects of different oral doses of ascorbic acid supplementation in improving
mood disorders continue to appear [48,49], as yet little concentrated efforts have been made to more precisely define the
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role of ascorbicacid in synergistic effects of diverse bioactive food phytochemical involved in such clinically observed mental
health benefits of the vitamin. Observations made to date with structurally and functionally diverse food phytochemicals
and using the described mouse bioassay, encourage us suggest that it could be used not only for dose finding studies of
adaptogens, but also for better understanding of the complex biological interactions between ascorbic acid and other food
phytochemicals involved in regulation of mental and physical health.

Conclusion

Results contribute to better understand the role played by ascorbic acid in regulating neuronal functions, and
demonstrate that its pharmacological doses could as well be a better therapeutic alternative for treatments of comorbid
psychopathologies. They reveal that, repeated daily doses of ascorbic acid are necessary for observing its adaptogen like
mental function modulating activities. Further efforts to identify its appropriate combinations with known drugs and
bioactive phytochemical, and efforts to define their modes of actions, could as well lead to novel pharmacological targets
for treatments of psychopathologies commonly associated with environmental stress.
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