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Introduction

A B S T R A C T

The aim of the study was to compare the protective efficacies of a single and
repeated daily oral doses (5, 20, 80, and 320 mg/kg) of a Curcuma longa extract
(C. longa) enriched in curcuminoids (95.4%) with those of metformin (100 mg/
kg) against intermittent foot shock stress triggered body weight changes and
thermoregulatory responses in male and female mice. No significant effects of
both the test agents on basal rectal temperature, or on short duration of foot
shock stress triggered transient hyperthermia were observed one hour after
their single oral doses. However, metformin-like and dose dependant efficacy
of the extract against body weight losses, elevated core temperatures, and
stress induced transient hyperthermia were observed after its 5, 7, and 10
daily oral doses. Similar were also the cases for their observed effects in tail
suspension test for antidepressants conducted one hour after their 11 daily
oral doses, and in pentobarbital-induced sleep tests conducted a day after their
11 daily doses. Minimal effective doses of the extract after its repeated daily
doses on all quantified parameters and in both male and female mice was 5
mg/kg/day, and quantitatively efficacies of its 20 mg/kg/day doses was always
quite similar to those of 100 mg/kg/day metformin. These observations reveal
that C. longa could be functionally a metformin-like desensitizer of biological
mechanisms and processes involved in stress triggered thermoregulatory
and other physiological responses, and that it could be a better therapeutic
option for prevention and cure of co-morbid psychopathologies accompanying
environmental stress.

The yellow colored and quantitatively the major diarylheptanoids encountered in Curcuma longa (a plant of the Zingiberaceae
family) rhizomes are now often referred to as turmeric curcuminoids. Curcumin was the very first pigment isolated from
the rhizomes of the plant widely used in modern food industries as a coloring agent or for manufacturing curry powders.
Due to its antimicrobial and strong irreversible binding properties to cotton, silk, and woolen fibers it has since long been
used also as a textile coloring agent [1,2]. The numbers of reports reconfirming broad spectrums of microbicidal efficacies
of curcumin and other turmeric curcuminoids have continued to increase during more recent decades, and analogous is
also the case for their diverse other therapeutically interesting bioactivities identified since 1970s [3,4]. They have not
only added experimental evidences in support of their medicinal and dietary uses in diverse traditionally known systems
of medicine and health care, but also suggested that they are structurally and functionally unique drug leads, and that they
could be potentially useful for prevention and cure of diverse spectrums of psychopathologies and metabolic disorders.
Available preclinical and clinical information on turmeric curcuminoids not only reveal that they are pleiotropic protective
agents, but also suggest that improving their oral bioavailability could be feasible means for obtaining therapeutic benefits
from them [5-10]. Despite of such advances though, many questions concerning their pharmacological sites and modes of
actions still remain controversial, or at the best speculative only [11,12].
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Analogous is also the situation for numerous other edible and other phytochemical isolated from traditionally known
medicinal and edible plants commonly used in diverse traditionally known systems of medicine, or in modern nutritional
therapies. In view of the situation, it has been suggested that numerous edible phytochemical can contribute to the
psychological well being of consumers, and that modulation or regulation of brain plasticity could be involved in their
physical and mental health benefits [13,14]. Numerous observations made during the course of our efforts to properly
define psychopharmacological activity profiles of edible and traditionally known medicinal plants [15] are also in
agreement with such suggestions. Therefore, we have identified, standardized and pharmacologically validated a mouse
bioassay system for detecting metabolic as well as brain function modulating potentials of medicinal plant extracts and
their known bioactive constituents [16-19]. This bioassay system is now regularly used in our laboratories for estimating
pharmacologically interesting dose range and treatment regimen of test agents potentially useful for prevention and
treatments of obesity and diabetes associated mental health problems.

During the course of such efforts it was observed that repeated daily treatments with the antidiabetic drug metformin
effectively suppresses diverse physiological stress responses in mice, and that its observed effects are quite analogous
to those of several edible phytochemicals [19]. Vast majorities of therapeutically interesting bioactivities of metformin
known to date [20] are quite analogous to those of curcuminoids, and it has been reported that in cellular and other in
vitro models the curcuminoids are several hundred fold more effective than the antidiabetic drug [21]. Therefore, it was of
interest to experimentally verify the possibility that metformin like stress response modulating efficacies of curcuminoids
are also involved in its therapeutically interesting bioactivities observed in animal models [5,22]. Observations made
during the very first set of experiments conducted with a commercially available C. longa highly enriched in curcuminoids
(95.4%), and using metformin as reference drug, are summarized in this communication. Implication of the observations
for more rational medicinal uses of curcuminoids and C. longa for prevention of chronic diseases, or for better definition
of their therapeutically relevant bioactivity profiles, are also discussed in short.

Materials and methods
Animals

Male and female Swiss albino mice (20±5g) were obtained from the Central Animal House of the Institute of Medical
Science, Banaras Hindu University, Varanasi, 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/602,
dated 30-05-2014). They 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 always had free access to commercial food pellets
and water ad libitum, and they were acclimatized to laboratory conditions for at least 1 week before using them for the
experiments. Behavioral 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.

Plant extract and analytical characterization

The C. longa highly enriched in curcuminoids (95.4% by HPLC; Figure 1) used in this study, and its analytical characteristics,
were kindly supplied by R&D Center, Natural Remedies Pvt. Ltd., Bangalore, India. The extract was analytically characterized
by its contents of curcumin (>77.94%, w/w), demethoxycurcumin (>15.03%, w/w) and bisdemethoxycurcumin (>2.52%,
w/w), by uses of a Shimadzu High Performance Liquid Chromatographic System LC 2010CHT with UV & PDA detector
in combination with Class LC solution software. Metformin (Ranbaxy Laboratories, Gurgaon, India) and other chemicals
were procured from different commercial sources.

Animal grouping and drug treatments

For the reported experiments, the animals were randomly allotted to different experimental groups of six animals
each. Metformin (100 mg/kg) and graded oral doses (5, 20, 80, and 320 mg/kg) of C. longa were suspended in 0.3%
carboxymethyl cellulose (CMC) and orally administered for 11 consecutive days (application volume 10 ml/kg) to different
groups of animals. The vehicle treated control groups were similarly treated with CMC only. Except for the last day of an
experiment (i.e. on day 12), all tests were conducted 60 min after the treatments.

Foot shock stress induced hyperthermia test

On days 1,5,7 and 10, after 60 min of treatments and initial rectal temperature measurements, an individual mouse from
each group was placed in a black box (24×29×40 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 stress induction. After 10 sec of their stay in the box, five consecutive foot
shocks of 2 mA at 10 s intervals were given through the grid floor. Immediately thereafter, the animals were placed back
in their home cages, and stress induced change in rectal temperature was quantified after 10 min stay in their home cages
[23].
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Figure 1: HPLC Chromatogram of Curcuma longa extract sample tested

On the 11th experimental day, and after 60 min of drugs administrations, individual mouse were hung on its tail on a wire
in an upside down posture. After initial vigorous movements, the mouse assumed an immobile posture and the period of
immobility during a 5 min observation period was noted [24]. Before oral administrations of test agents, body weight and
rectal temperature of animals were recorded.

Pentobarbital induced sleep test

On the 12th day of an experiment, no oral treatments were given, and pentobarbital (40 mg/kg, i.p.; Loba Chemie Pvt. Ltd.,
Mumbai, India) was administered to all control and drug treated groups of mice. Onset of sleep and duration of sleep was
measured by a blind observer [25]. On this experimental day, the rectal temperatures and body weights of animals were
recorded immediately before pentobarbital challenge.

Statistical analysis

Mean±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. GraphPad Prism-5 (GraphPad Software Inc., La Jolla, California, USA) was used for statistical analysis. Origin-Pro 8
(OriginLab Corporation, Massachusetts, USA) software was used for graph representation. A p-value less than 0.05 was
considered as statistically significant.

Results

Body Weights

Mean body weights of vehicle and other treated groups of male and female mice are summarized in Figure 2a,b. As
expected, the animals of both control groups continuously lost their body weights during the course of the experiments,
whereas those of the 100 mg/kg metformin treated ones started gaining weights after its 5 daily doses. Changes in the
mean body weights of the 5 mg/kg/day C. longa treated male or female groups were quite analogous to those of the
corresponding metformin treated ones. Mean body weights of the male as well as female metformin treated groups were
statistically significantly higher than the corresponding control ones on the 11th and 12th days of the experiments, and
analogous were also the cases for the 5, 20 and 80 mg/kg C. longa treated male groups. In females, mean body weights of
all C. longa treated groups from day 7 onwards were always significantly higher than those of the vehicle treated one. These
observations reveal that efficacy of C. longa in counteracting foot shock stress triggered body weight looses in female
animals is somewhat higher than in male animals. Daily oral doses of C. longa higher than 20 mg/kg/day were always more
effective in counteracting intermittent foot shock triggered body weight losses than 100 mg/kg/day metformin.
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* denotes statistically significant difference (Two way ANOVA followed by Bonferroni post tests) relative to control group (* = p<0.05).

Figure 2: Effects of intermittent foot shocks and daily handling and oral treatments on mean body weights of (a) male and (b) female mice treated with the vehicle (CMC), or Metformin (MET), or Curcuma longa extract (CL). Values are mean±SEM, n=6

Basal core Temperatures

Mean basal core temperatures of different groups of male and female mice recorded during the course of the experiment
are shown in (Figure 3a,b). It is apparent from these figures that the mean basal core temperatures of both the vehicle
treated control groups continued to increase gradually during the course of the experiment, whereas those of the 100 mg/
kg/day metformin treated ones remained almost constant on all observational days. Metformin like preventive effect of C.
longa on foot shock stress and daily handling and treatments induced elevation of basal core temperature was apparent
even after its lowest oral dose (5 mg/kg/day) tested.

* denotes statistically significant difference (Two way ANOVA followed by Bonferroni post tests) relative to control group (* = p<0.05)

Figure 3: Effects of intermittent foot shocks and daily handling and oral treatments on basal core temperatures of (a) male and (b) female mice
treated with the vehicle (CMC), or Metformin (MET), or Curcuma longa extract (CL) on days 1, 5, 7, 10, 11 and 12 of the experiments. Values are
mean±SEM, n=6

Foot shock Stress induced hyperthermia

In both male and female vehicle treated control groups, the magnitude of foot shock stress triggered transient
hyperthermia gradually increased during the course of the experiments (Figure 4a,b). Although the magnitude of stress
induced transient hyperthermic responses in vehicle treated female mice were somewhat lower than that observed in
male controls, there were no statistically significant differences between the mean values of the two groups on all test
days. Such responses of the metformin or any of the C. longa treated groups observed after their single oral doses were
also not statistically significantly different from the corresponding control groups. In both female as well as in male mice,
statistically significant antagonistic effects of metformin (100 mg/kg/day) against such responses were observed on the
5th and subsequent observational days. Analogous were also the observed effects of daily treatments with 20 mg/kg/day
or higher daily doses of C. longa. However, in female mice, the efficacy of 5 mg/kg/day dose of C. longa was somewhat
lower than those of its higher ones, and statistically significant effect of this dose of the extract in male mice was observed
only after its 10 daily oral doses. Although the efficacy of all tested doses of C. longa increased somewhat with increasing
numbers of treatment days, even after its 10 highest daily oral doses (320 mg/kg/day) tested it did not completely abolish
the foot shock stress triggered transient hyperthermic responses in both male and female mice.
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* denotes statistically significant difference (Two way ANOVA followed by Bonferroni post tests) relative to control group (* = p<0.05)

Figure 4: Effects of daily treatments on foot shock stress triggered transient hyperthermia in (a) male and (b) female animals treated either with
the vehicle (CMC), or Metformin (MET), or Curcuma longa extract (CL) on days 1, 5, 7 and 10 of the experiments. Values are mean±SEM, n=6

Tail suspension test

All tested doses of C. longa and metformin significantly lowered the immobility period of mice after their 11 daily doses.
It is apparent from the results summarized in (Figure 5a and 5b) that the efficacy of C. longa increased in dose dependent
manner. Statistically significant and metformin like effect of C. longa were observed in both males and females even after
its lowest daily dose (5 mg/kg/day) tested. Efficacies of 100 mg/kg daily dose of metformin in males and females were
almost equal to those observed for 20 mg/kg daily dose of C. longa.

* denotes statistically significant difference (ANOVA) relative to control group (*=p<0.05)

Figure 5: Effect of 11 daily oral doses of Curcuma longa extract (CL) and Metformin (MET) to foot shock stressed (a)
male and (b) female mice on tail suspension test for antidepressants. Values are mean±SEM, n=6

Pentobarbital induced sleep test

Results summarized in (Figure 6a,b) revealed that 24 hours after treatments with C. longa for 11 consecutive days, dose
dependently shortens sleep induction period and prolongs duration of sleep induced by pentobarbital in both male and
female mice. These statistically significant (p <0.05) effects of the extract were qualitative analogous to that of metformin.
Quantitatively, the efficacy of 20 mg/kg daily dose of C. longa was almost equal to that of 100 mg/kg/day metformin.
Efficacies of both the test agents as central nervous system depressants, or as inducers of pentobarbital metabolizing
enzymes, were similar in both male and female mice.

* denotes statistically significant difference (ANOVA) relative to control group (* = p<0.05)

Figure 6: Effect of Curcuma longa extract (CL) and Metformin (MET) on pentobarbital induced sleep test in foot shock
stressed (a) male and (b) female mice observed one day after their 11 daily oral doses. Values are mean±SEM, n=6
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Discussion

Metformin is the antidiabetic drug of first choice for combating diverse spectrums of comorbidities commonly associated
with diabesity [26]. A few more recent reports have revealed, that alterations of gut microbial ecology caused by this
biguanide derivative is involved in its therapy relevant bioactivities [27-29] and that it could also be useful for combating
diverse spectrums of psychopathologies commonly associated with diabesity and other chronic diseases [30-32]. It has
since long been well recognized that curcuminoids and diverse types of medicinally used C. longa preparations are also
metformin like pleiotropic protective agents with anti-microbial activities [33]. Based on the results of clinical studies, it has
recently been suggested that turmeric extracts could be used as an adjuvant to metformin therapies for more appropriately
meeting the therapeutic demands of diabetic patients [34]. Observations reported in this communication are not only
in agreement with such convictions, but also strongly suggest that the therapeutically interesting broad spectrums of
bioactivities of curcuminoids and metformin are due to their modulating effects on microbiota-gut-brain-axis, and that
their oral bioavailability are not necessarily a reliable predictor of their efficacies observed after their repeated daily oral
dose.

Although the physiological role of the gut-brain axis has since long been known, it was only during the present decade that it
became apparent that gut microbiota is an endocrine organ [35] and that the gut microbial ecology is a regulator of diverse
physiological stress responses [36] involved in etiologies, pathogenesis, and progression of diabesity and numerous other
chronic diseases [37-38]. All these three intermittent foot shock stress triggered responses quantified in this study (i.e.
elevation on of core temperature, loss of body weight, and transient hyperthermia) were either suppressed, or completely
antagonized, by repeated daily oral doses of C. longa or metformin. Hereupon it was interesting to note that no significant
effects on basal core temperatures of male and female mice, or on foot shock stress triggered transient hyperthermia, were
observed one hour after single doses up to 320 mg/kg of C. longa, and that even its 5 mg/kg daily doses administered for
5 or more consecutive days afforded complete protection against intermittent foot shock stress triggered slight elevation
of basal core temperatures observed during the course of the experiments. Analogous were also the effects of the extract
on foot shock stress triggered transient hyperthermia and long term effects on body weight losses, where its statistically
significant effects were also observed after its repeated daily 5 mg/kg oral dose. Therefore, the minimally effective daily
oral doses of the tested C. longa extract for affording protection against stress triggered physiological responses seems to
be 5 mg/kg/day, and that its daily oral doses as high as 320 mg/kg are well tolerated by mice.

Extensive oral bioavailability studies conducted with curcumin and other curcuminoids [8,39] have revealed that even
after their very high oral doses (up to 1g/kg) their blood levels are undetectable in mice. Although, most reports dealing
with therapeutically interesting bioactivities and bioavailability of orally administered curcumin and curcuminoids have
dealt mainly with their fairly high acute or repeated daily oral or intraperitoneal administered doses, a few others have
revealed diverse bioactivities of their oral doses lower than 5 mg/kg/day. Except for their observed efficacies in tailsuspension test for antidepressants and some other bioassays [40,41] most other low dose efficacies of curcumin and
curcuminoids have been observed after their repeated daily doses only. The observations reported in a recent and more
systematic study reconfirm this inference for their orally administered doses [42]. Since like other edible phytochemicals,
curcuminoids also modulates diverse cellular pathways involved in adaptive stress responses [43], it seems reasonable to
assume that the low dose efficacies of curcuminoids observed after their repeated daily oral doses in this study, and in other
laboratories, are due to their adaptogenic or stress response suppressing effects, and that some of their pharmacological
sites of actions lie within the gastrointestinal tract.

In any case, observations reported in this communication revealed that C. longa is a metformin like stress response
suppressing agent, and that in both male and female animals their efficacies increased with increasing number of daily
oral doses. In general, efficacies of 20 mg/kg/day C. longa on all quantified parameters in the bioassay were similar in
magnitude to those observed after 100 mg/kg daily oral metformin doses. Hereupon, their relative efficacies in male
and female mice were not always equal in magnitude. After 10 daily oral doses, efficacy of 100 mg/kg/day metformin in
antagonizing stress triggered body weight losses in females were somewhat higher than that observed in males, and on
this day the efficacy of 5 mg/kg/day C. longa in both male and female mice were similar in magnitude. Such was not the
case in stress induced hyperthermia test, where efficacy of 10 daily doses of C. longa 5 mg/kg in females was somewhat
lower than that observed for the tested dose of metformin. The observation that the dose dependant efficacies of 10 or 11
daily doses of C. longa in stress induced hyperthermia, tail suspension, and pentobarbital induced sleep tests increased
further after its 80 and 320 mg/kg/day doses in both males and females could indicate that its efficacies in these tests are
most probably independent of its observed protective effects against intermittent foot shock triggered body weight losses
and slight elevation in core temperature. Further more detailed dose response studies using other behavioural models for
anxiolytics and antidepressants will be necessary for more definitive inferences.

Amongst all edible phytochemicals known to date, curcumin and other curcuminoids encountered in turmeric are clinically
the most extensively studied ones [44,45]. However as yet little concentrated efforts have been made to systematically
define their therapeutically interesting dose ranges and treatment regimen necessary for obtaining diverse therapeutic
benefits offered by them, or for evaluating their protective potentials against diverse spectrums of lifestyle associated
metabolic disorders and other chronic diseases. Our observation revealed that repeated daily oral doses of even 5 mg/kg
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C. longa is high enough as a stress response modulating agent, and strongly suggested that traditionally known medicinal
and dietary uses of curcuminoids containing turmeric preparations are mainly due to their allostatic load regulating
properties. Therefore efforts to identify a reliable biomarker involved in its protective effects against the observed stress
triggered responses (i.e. body weight reduction and thermoregulatory disturbances) will be made in our laboratories.
Such biomarkers could then be used for more systematically assessing its allostatic load regulating potentials in volunteers
and patients. During such efforts proper attention has to be paid to the neuronal function modulating and antimicrobial
activities of curcuminoids.

To our judgments, the observed stress response modulating efficacies of metformin and C. longa are mainly due to their
antimicrobial activities, whereupon their high chemical reactivity and metabolic instability inside the gastrointestinal
tract play crucial roles. That such could indeed be the case for curcumin and other edible phytochemicals have often
been pointed out during more recent years [46-48]. However, as yet little concentrated efforts have been made to identify
and pharmacologically validate a rodent bioassay system necessary for deciphering the paradoxical polypharmacology of
numerous drugs and phytochemicals with such properties and widely used in modern and traditionally known systems of
medicine. Efforts to better standardize and further validate the mouse bioassay system for such purposes could eventually
lead to a convenient and universally practicable preclinical model urgently needed for discovering and developing drugs
based on our current understanding of the multiple functions of microbiota-gut brain axis, or for more evidence based
planning of dietary therapies.

Conclusion

Study revealed that C. longa could be functionally a metformin-like desensitizer of biological mechanisms and processes
involved in stress induced physiological responses. Observed result indicated that stress response modulating efficacies
of metformin and C. longa are mainly due affect microbiota-gut brain axis. As many other edible phytochemicals,
curcuminoids the active constituent of turmeric could be a better therapeutic alternative for prevention and cure of comorbid psychopathologies accompanying environmental stress.
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