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Introduction
Andrographis paniculata (Burm. F.) Wall. Ex Nees (Family: 

Acanthaceae), commonly known as Kalmegh or ‘‘King of Bitters”, 
is one of the many traditionally known medicinal plants listed in 
WHO herbal Monograph [1]. It is a rich natural source of bioactive 
labdane diterpinoids like andrographolide, neoandrographolide, 
isoandrographanolide, andrograpanin, etc. Amongst them 
andrographolide is quantitatively the major easily extractable 
secondary metabolite of the plant [2]. Diverse types of andrographolide 
containing Andrographis paniculata extracts have been reported to 
possess broad spectrums of pharmacological activity profiles potentially 
useful for treatments of diabetes and obesity [3-5], liver disorders [6], 
inflammatory diseases [7] etc. Beneficial effects of some such extracts 
for symptomatic relief of upper respiratory tract infections [8] and 
other disorders have also been observed in clinical trials. Reports 
revealing brain functions modulating, immunostimulating, and 
nootropics like efficacies of such extracts suggest that Andrographis 
paniculata could as well be another adaptogenic herb potentially 
useful for combating mental health problems commonly associated 
with chronic diseases. In a very first report indicating such possibilities 
sedative and some other unspecific brain function altering activities 
of fairly high acute intra-peritoneal doses of an extract of the plant in 
rodent models were described [9], and in another more recent report 
appearing after more than a decade the effects of daily doses of another 
such extracts as immunostimulant, cerebroprotective and nootropic 
agents in normal and type-2 diabetic rats was described [10]. However, 
no analytical data or standardization protocols for the extracts used 
for the studies were mentioned in both these reports, and no attempts 
were made to detect their potential antidepressants or anxiolytics like 

therapeutic potentials. Similar, or analogous, have also been the cases 
for numerous other reports describing diverse therapeutic potentials 
of different types of extracts obtained from this traditionally known 
medicinal plant. More recent efforts made in our laboratories to 
define the psychopharmacological activity profile of an analytically 
well standardizes and therapeutically used Andrographis paniculata 
extract (AP), highly enriched in andrographolide (>30% w/w), were 
the very first ones revealing its therapeutic potentials for treatments 
of depression, anxiety, and other psychopathologies characterized by 
exaggerated symptoms of both anxiety and depression [11,12]. 

One medical condition commonly associated with such 
comorbidities is diabetes, i.e. an endocrine disorder resulting from 
inadequate release and/or reduced insulin sensitivity. Diabetes 
and depression are two major chronic diseases with bidirectional 
relationship [13], and both of them are spreading like epidemics in 
almost all countries around the global. Co-occurrence of these two 
pathologies in same patients has strong negative impacts on their 
quality of life, and shortens their life span [14,15]. Depression has been 
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found also to be associated with alterations in diverse other diabetes 
related psychological and physiological processes [16,17], and it has 
been reported that prevalence of depression in diabetics is higher 
than prevalence of depression in normal population [18]. Numerous 
structural, behavioral, and biochemical alterations of the central nervous 
system are observed in diabetic patients, and diverse such alterations 
are observed also in rodent models of diabetes where exaggerated 
symptoms of depression, anxiety, and cognitive deficits are observed 
also [19-24]. Although complex interactions of physical, psychological, 
and genetic factors that contribute to such associations still remain to 
be properly defined, available evidence strongly suggest that depression 
could as well a consequence of persistent metabolic abnormalities 
[25,26]. However, it has been reported also that depression actually 
doubles the risk of type-2 diabetes, and that depression could as well be 
an independent risk factor for type-2 diabetes [27-29]. 

Unfortunately, most currently available antidepressant and other 
psychoactive drugs do not meet the therapeutic demands of diabetic 
patients and many of them are even contraindicated for patients with 
diabetes [30-34]. Therefore, efforts are now being in our laboratories to 
identify an adaptogenic herb that could be used as a starting material 
for identifying novel therapeutic strategies for treatments of diabetes 
associated depression. In view of the observed antihyperglycemic 
activity in type-2 diabetic animals [3,4] and antidepressants-like 
efficacies of AP in non-diabetic animals [11,12], it was of interest to 
experimentally verify the possibility whether it could also be useful 
for suppressing the exaggerated depressive state in diabetic animals. 
Results of the experiments to experimentally verify this possibility are 
described and discussed in this communication. 

Materials and Methods
Animals

Adult Charles Foster albino rats (males with 150 ± 10 g body 
weights), were acquired from the Central Animal House of the Institute 
of Medical Sciences, Banaras Hindu University, Varanasi, India. 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. Except stated otherwise, they were always 
provided with commercial food pellets (Amrut Laboratory Animal 
Feed; Pranav Agro Industries Ltd., Sangali, India) and water ad libitum, 
and were acclimatized to the laboratory environment for at least one 
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. Prior approval from the Central 
Animal Ethical Committee of the University (CAECU) was taken for 
the study protocol used (Dean/11-12/CAEC/325, dated 30-11-2011).

Plant extract 

The same Andrographis paniculata extract (AP) used in our 
earlier studies and generously supplied by Natural Remedies Pvt. 
Ltd., Bangalore, India was used in this study as well. The extraction 
procedure used to prepare the analytically well characterized 
extract has been described in details elsewhere [2]. The extract 
is rich in andrographolide (>30%, w/w), and some of its other 
quantified constituents were: isoandrographolide (>0.3%, w/w), 
neoandrographolide (>1.0%, w/w), andrograpanin (>0.3%, w/w), and 
14-deoxy-11,12 didehydroandrographolide (<5.0%, w/w).

Induction of type-2 diabetes

As described by Husain et al. [35], type-2 diabetes was induced 

in overnight fasted animals by a single intra peritoneal (i.p.) injection 
of 65 mg/kg streptozotocin (STZ; HiMedia Mumbai, India), 15 min 
after the i.p. administration of 120 mg/kg nicotinamide (SD Fine-
Chemical Ltd., Mumbai, India). Animals were returned to their 
cages and provided normal food and 10% sucrose water to minimize 
hypoglycemic shock. The elevated glucose level in the blood confirmed 
hyperglycemia, quantified 72 hour and 7th day after STZ injections. 
Plasma glucose levels were quantified by the method described later. 
Only preselected diabetic animals with blood glucose levels higher than 
250 mg/dl were used as diabetic animals for the behavioral studies. 

Animal grouping and drug administration

For each series of experiments, six experimental groups 
consisting of 6 animals each were used, whereupon the animals were 
randomly allotted to different experimental groups. The non-diabetic 
and diabetic control groups were orally treated with 0.3% CMC 
(Carboxymethylcellulose, Central Drug House, New Delhi, India) 
for ten consecutive days. For oral treatments AP was suspended in 
0.3% CMC, and 50, 100 and 200 mg/kg/day doses of the extract were 
administered daily for ten consecutive days. Choices of these doses 
and treatment regimen were based on observations made earlier in our 
laboratories with the same extract sample [4,11]. A reference or positive 
control group of diabetic animals treated similarly with imipramine 
(Sun Pharmaceutical Industries Ltd., Mumbai, India; 15 mg/kg/
day, p.o.) was always run in parallel in each set of experiments. The 
treatment groups used were as follow: Group I- Non-diabetic control 
(Vehicle); Group II- Diabetic control (Vehicle); Group III- Diabetic + 
AP 50 mg/kg; Group IV- Diabetic + AP 100 mg/kg; Group V- Diabetic 
+ AP 200 mg/kg; and Group VI- Diabetic + Imipramine 15 mg/kg.

Rats behavioral despair test

The method described by Willner was followed [36]. In short, a rat 
was individually placed in a cylinder (45 × 20 cm) containing 38 cm 
water (25 ± 2°C), so that it could not touch the bottom of the cylinder 
with its hind limb or tail, or climb over the edge of the chamber. Two 
swim sessions were given to each rat; an initial 15 min pre-test session 
on day 9 of drugs treatment followed by a 5 min test session on the next 
day (i.e. on day 10 of the experiment). Period of immobility (i.e. the 
total time the animal remained floating in water without struggling and 
making only those movements necessary to keep its head above water) 
during the 5 min test period was recorded.

Rats learned helplessness test

The experimental procedure of Sherman et al. [37] was used with 
some modification, and has been described earlier in details elsewhere 
[38]. Briefly, the two parts of the test procedure were:

(a) Inescapable shock pretreatment: One hour after oral treatments 
on the 7th day, electric foot shocks were delivered to a given rat placed 
in a 20×10×10 cm plexiglass chamber with cover, and with a steel grid 
floor for delivering foot shocks. A constant current shocker delivering 
60 scrambled, randomized inescapable shocks (15 sec duration, 0.8 
mA, every min) was used. 

(b) Conditioned avoidance training: Avoidance training was 
initiated 24 h after inescapable shock pretreatment in a jumping box. 
The jumping box were divided into two equal chambers (27×29×25 cm) 
by a plexiglass partition with a gate providing access to the adjacent 
compartment through a 14×17 cm open space in the partition. An 
individual animal was placed in one of the chambers of the jumping 
box and was allowed to habituate to the test environment for 5 min 
(for the first session only) and then was subjected to 30 avoidance trials 
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(inter-trial intervals being 30 sec). During the first 3 sec of each trial, a 
light signal (conditioned stimulus) was presented, allowing the animals 
to avoid shocks. If a response did not occur within this period, a 0.8 mA 
shock (3 sec duration; unconditioned stimulus) was applied via the grid 
floor. In case no escape response occurred within this period, shock 
and light conditioned stimulus were terminated. Avoidance sessions 
performed for 3 consecutive days (days 8-10), and the number of 
escape failures (referred as no crossing response during shock delivery) 
were recorded.

Blood glucose and insulin estimation

Blood sample from rats was collected by the retro-orbital venous 
plexus sampling method on day 10 after performing behavior activity 
in learned helplessness test. Plasma was prepared by cold centrifugation 
(5°C) at 3000 rpm (845×g) for 5 minute (Compufuge CPR-30 Plus, 
with Rotor No. 8; REMI, India) and stored in a freezer (-20°C) till used 
for biochemical estimation. Plasma glucose levels were quantified by 
using a glucose test kit, based on glucose oxidase-peroxidase (GOD-
POD) method (Autospan Glucose test kit; Beacon Diagnostic Pvt. 
Ltd., Navasari, India). Plasma insulin levels were estimated by using 
an Enzyme Linked Immunosorbent Assay (ELISA) test kit (DRG 
Instruments GmbH, Germany). Both glucose and insulin estimations 
were performed by using absorbance micro-plate reader (iMarkTM- 
Bio-Rad Laboratories, California) according to instruction manual of 
the enzyme test kits used.

Brain tissues sample

On the 10th day after the learned helplessness test, rats were 
sacrificed by cerebral dislocation. Brain cortex and hippocampus was 
dissected out using the protocol described by Spijker [39]. They were 
weighted and stored in laboratory deep freezer at -80°C until use. 
Hippocampus part of brain was used for brain monoamines level and 
monoamine oxidase enzyme assays, and its frontal cortex was used for 
assaying antioxidant status. 

Monoamines levels

Monoamine levels in hippocampus were quantified by the 
spectrofluorometric method described by Welch and Welch [40]. 
Briefly, hippocampus part of a brain was homogenized in 1.5 ml ice-
cold 0.01 N HCl to which 0.1 ml 10% EDTA had been added. The 
homogenate was added to 25 ml n-butanol in 60 ml glass-stoppered 
bottle containing 4 gm NaCl. After centrifugation, 24 ml butanol was 
decanted in a bottle containing 40 ml n-hepatne and 1.5 ml of phosphate 
buffer and then centrifuged. Aqueous layer was transferred to a clean 
30 ml bottle and was acidified with 3 N HCl to pH 3.5-4. After adding 
20 ml of peroxide free ether the bottles were shaken for 10 min and 
centrifuged. The acid-aqueous layer was taken directly from the bottom 
of the ether extraction bottles and was refrigerated and analyzed later 
for NE (400/510 nm), DA (335/380 nm) and 5-HT (295/535 nm) in 
spectrofluorometer (RF 1501 Spectrofluorometer; Shimadzu, Tokyo, 
Japan) and compared with the standard calibration curves prepared 
from respective standard amines (Sigma-Aldrich, Co., St. Louis, MO). 

Monoamine oxidase assay

Hippocampus mitochondrial fraction was prepared for estimating 
monoamine oxidase (MAO) activity [41]. Briefly, the mitochondrial 
fraction suspended in 10 volumes (1:10 w/v) of cold sodium phosphate 
buffer (10 mM, pH 7.4, and containing 320 mM sucrose), was mixed 
at 5°C for 20 min. The mixture was centrifuged at 15000×g for 30 min 
and the pellets were re‐suspended in the same buffer. The MAO-A 
and MAO-B activity was assessed spectrophotometrically as described 

previously [42]. Briefly, the assay mixtures contained 4 mM 5‐HT and 2 
mM β‐PEA as specific substrates for MAO-A and B, respectively, 250 µl 
solution of the mitochondrial fraction and 100 mM sodium phosphate 
buffer (pH 7.4) up to a final volume of 1 ml. The reaction was allowed 
to proceed at 37°C for 20 min, and stopped by adding 1M HCl (200 
µl), the reaction product was extracted with 5 ml of butyl acetate (for 
MAO-A assay) and cyclohexane (for MAO-B assay), respectively. The 
organic phases were measured at a wavelength of 280 nm for MAO-A 
and 242 nm for MAO-B, respectively using Shimadzu UV/visible 
spectrophotometer. Blank samples was prepared by adding 1M HCl 
(200 µl) prior to reaction, and worked up as for the test samples.

Brain anti-oxidative status 

The brain tissue (frontal cortex) was homogenized in ten volumes 
(1:10 w/v) of 20 mM sodium phosphate buffer (pH 7.4) containing 
140 mM KCl using a Teflon-glass homogenizer. The homogenates 
were centrifuged at 750×g for 10 min at 4°C. Lipid peroxidation levels 
(LPO), and superoxide dismutase (SOD) and catalase (CAT) activities 
were quantified in the supernatants of tissue homogenates in duplicate 
by using microplate absorbance reader (iMark-Bio-Rad Laboratories, 
Hercules, CA). For LPO levels, lipid peroxidation was quantified by 
measuring the level of malondialdehyde (MDA) and expressed as nmol 
MDA/mg protein according to the method of Ohkawa et al. [43]. For 
SOD activity, the method described by Kakkar et al. [44] was followed, 
and the results were expressed as units of SOD activity/mg protein. For 
CAT activities the standard method described elsewhere was used and 
expressed as µmol H2O2 decomposed/min/mg protein [45]. Protein 
estimation was performed by the method of Lowry et al. [46].

Statistical Analysis
Mean ± standard error of mean (SEM) was calculated for the 

observed values in each experimental group (n=6). Statistical analysis 
was performed by ordinary one way analysis of variance (ANOVA) 
followed by Student-Newman-Keuls multiple comparison test. 
GraphPad Prism 6 was used for statistical analysis (GraphPad Software 
Inc., San Diego, CA). P value less than 0.05 was always considered as 
statistically significant.

Results
Behavioral despair test

Effects of AP and imipramine treatments on the duration of 
immobility in the diabetic rat behavioral despair test are summarized 
in Figure 1. Mean immobility period of the diabetic control group was 
significantly higher than that of the non-diabetic control group. Ten 
daily AP treatments to diabetic rats at doses of 50, 100 and 200 mg/
kg/day significantly and dose-dependently decreased the duration 
of immobility [F (5, 30)=115.8, P<0.05]. Numerically, the mean 
immobility period of 200 mg/kg/day AP treated group was somewhat 
lower than that of the group treated with 15 mg/kg/day imipramine. 
However, efficacies of the two higher AP doses tested were almost equal 
in magnitude to that of the standard antidepressant drug imipramine. 

Learned helplessness test

Mean numbers of escape failures of the vehicle treated diabetic 
control group in this test on all the three observational days were 
significantly higher, than those observed for the non-diabetic control 
group (Figure 2). AP treatments dose-dependently reduced the escape 
failures of diabetic rats on all test days, and its efficacy increased 
somewhat during the three days [F (5, 30)=51.51, P<0.05; F (5, 
30)=52.91, P<0.05; and F (5, 30)=80.34, P<0.05 for day 8, 9 and 10 
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respectively]. Efficacy of 100 mg/kg/day AP was similar in magnitude 
to that of 15 mg/kg/day of the standard antidepressant imipramine, 
and that of the 200 mg/kg/day AP treated group was somewhat higher 
than that of the standard antidepressant.

Body weight

Unlike in the non-diabetic control group, the mean body weights of 
the vehicle treated diabetic control group during the treatment period 
decreased considerably. Such body weight losses were less severe in the 
50 and 100 mg/kg/day AP treated diabetic group, and 200 mg/kg/day 
AP treated diabetic animals gained some body weights during the 10 
days of the treatment [F (5, 30)=179.4, P<0.05]. Imipramine treatments 
had no significant effects on the body weight losses of diabetic animals. 
These results are summarized in Figure 3. 

Blood glucose and insulin level

Mean blood glucose and insulin levels of the different test groups 
quantified just after completion of the learned helplessness test are 
summarized in Figure 4. Ten daily imipramine treatments had no 

effects on hyperglycemia or on insulin deficiency observed in diabetic 
animals. AP treatments dose-dependently decreased the blood glucose 
levels of diabetic animals [F (5, 30)=245.3, P<0.05], and the blood 
insulin levels diabetic rats were also significantly and dose-dependently 
increased by AP treatments [F (5,30)=143.9, P<0.05]. 

Monoamines level in hippocampus

Hippocampal levels of all the three monoamine quantified (NE, 
DA, and 5-HT) in vehicle treated diabetic control rats were lower than 
those observed in non-diabetic control rats. AP (50, 100 and 200 mg/
kg) treatments to diabetic rats significantly and dose-dependently 
increased the levels of all the three monoamines in diabetic animals 
[F (5,30)=177.7, P<0.05; F(5, 30)=52.03, P<0.05; and F(5, 30)=106.3, 
P<0.05 for NE, DA, and 5-HT respectively], and their levels observed 
in the 100 and 200 mg/kg/day AP treated diabetic groups rats were 
higher than those of the non-diabetic control group. Such efficacies 
of imipramine (15 mg/kg/day) in diabetic rats were somewhat lower 
than those observed after the intermediate dose of AP (100 mg/kg/day) 
treated diabetic group. These results are summarized in Figure 5.

Monoamine oxidase activity in hippocampus

Results of the MAO-A and MAO-B assays conducted with 
mitochondria preparations from rat hippocampus of different groups 
of animals used in the learned helplessness test are summarized in 
Figure 6. Mean enzymatic activities observed in the diabetic control 
group were significantly higher than those of the non-diabetic 
control group. Imipramine treatment had no significant effects on 
these enzymatic activities in diabetic animals. AP treatments dose-
dependently decreased enzymatic activities of both MAO-A [F (5, 30) 
= 28.62, P < 0.05] and MAO-B [F (5, 30) =10.83, P <0.05] in diabetic 
animals, and the MAO-A activity levels quantified in the 100 and 200 
mg/kg/day AP treated groups were even lower than that estimated in 
the vehicle treated non-diabetic control group. 

Antioxidative status in frontal cortex

The results summarized in Figure 7 revealed that in comparison 
to the non-diabetic control group, mean LPO level and SOD and 
CAT activities in frontal cortex of the diabetic control group were 
significantly altered. Imipramine treatments had no significant effects 
on any of these assayed parameters. AP treatments dose-dependently 
and significantly lowered LPO level in diabetic animals [F (5, 30)=77.27, 
P<0.05] and the SOD and CAT activities of AP treated diabetic animals 
[F (5, 30) =34.99, P<0.05; and F (5, 30)=158.1, P<0.05 respectively for 
SOD and CAT] were significantly higher than those of the diabetic 
control group. Mean LPO value of the higher two AP dose (100 and 
200 mg/kg/day) treated diabetic groups was lower than that of the 
non-diabetic control group, and the SOD and CAT activities of these 
two AP treated groups were either higher or equal to those of the non-
diabetic control one. 

Discussion
The behavioral despair and learned helplessness tests are two well-

known and commonly used behavioral test for assessing depressive 
state of animals, and they are often used for identifying therapeutic 
leads against clinical depression. In the present study the depressive 
state of vehicle treated type-2 diabetic rats in both the tests were 
more pronounced than non-diabetic ones, and imipramine like 
antidepressant activity of AP in diabetic rats were also observed in 
both the tests. Even 50 mg/kg/day dose of AP completely antagonized 
the exaggerated depressive behavior of diabetic rats in the behavioral 
despair test and its antidepressants like efficacies observed in this test 
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behavioral despair test using diabetic rats as experimental animals. *=p<0.05 
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diabetic rat learned helplessness test on day 8 (A), day 9 (B), and day 10 (C) of 
the experiment. *=p<0.05 vs. nondiabetic control; ¥=p<0.05 vs. diabetic control 
[F (5, 30)=51.51, P<0.05; F (5, 30)=52.91, P<0.05; and F (5,30) = 80.34, P<0.05 
for day 8, 9 and 10 respectively]. AP=Andrographis paniculata extract.
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vs. nondiabetic control; ¥=p<0.05 vs. diabetic control [F (5, 30)=245.3, P<0.05; and F (5, 30)=143.9, P<0.05 for blood glucose and insulin levels respectively]. 
AP=Andrographis paniculata extract.
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Figure 5: Effects of AP or of imipramine on (A) norepinephrine(NE), (B) dopamine (DA),and (C) serotonin(5-HT) levels in the hippocampus of diabetic rats 
subjected to learned helplessness test. *=p<0.05 vs. nondiabetic control; ¥=p<0.05 vs. diabetic control [F (5, 30)=177.7, P < 0.05; F (5, 30)=52.03, P < 0.05; and 
F (5, 30)=106.3, P<0.05 for NE, DA, and 5-HT respectively]. AP=Andrographis paniculata extract.
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after its 100 or 200 mg/kg/day doses were quantitatively almost equal 
to that of the tested imipramine dose (15 mg/kg/day). Analogous 
were also the behavioral observations made on the first test day in the 
learned helplessness test. Efficacy of AP in this test increased somewhat 
on the subsequent two testing days, and efficacies of 200 mg/kg/day 
dose of AP were always higher than that of imipramine on all the three 
test days. These differences could as well be due the difference in the 
modes of actions of imipramine and AP.

The behavioral despair test is more specific for imipramine 
and other inhibitors of synaptic monoamine reuptake, whereas the 
learned helplessness test is sensitive also to diverse other psychoactive 
agents with antidepressant, anxiolytics, cognitive function 
modulating, or stress response modulating agents [47,48]. Earlier 
neuropsychopharmacological observations made in our laboratories 
have revealed that even 25 mg/kg daily oral doses of AP completely 
blocks the handling and mild foot shock stress triggered physiological 
responses and that it also possess anxiolytics like efficacies in other 

behavioral tests using in non-diabetic rodents [11]. Thus it seems 
reasonable to assume that AP is a stress response modulating or 
adaptogenic agent with a broader spectrum of therapeutically 
interesting psychopharmacological activity profile than synaptic 
monoamine reuptake inhibitors. 

That such is indeed the case is evident also from several other 
observations made during this study. These include the observed 
beneficial effects of AP against body weight losses, hyperglycemia, 
hypo-insulinemia in diabetic rats and also against worsened oxidative 
status and effectively reduced MAO activities in their brain regions 
studied. Clear dose-dependent effects of AP on all these parameters were 
observed, whereas no significant effects of the tested antidepressant dose 
of imipramine were observed. However, the lower hippocampal levels 
of all three monoamines quantified in the type-2 diabetic control rats 
were antagonized by both AP and imipramine. Although qualitatively 
these observed effects of AP were quite analogous to those of the 
antidepressant, here again the efficacy of the highest AP dose tested was 
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Figure 6: Effect of Andrographis paniculata and imipramine on (A) MAO-A and (B) MAO-B activities in hippocampal mitochondrion of diabetic rats subjected to 
learned helplessness test.*=p<0.05 vs. nondiabetic control; ¥=p<0.05 vs. diabetic control [F (5, 30)=28.62, P<0.05; and F (5, 30)=10.83, P<0.05 for MAO-A and 
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Figure 7: Effects of Andrographis paniculata and imipramine on oxidative status of diabetic rat frontal cortex subjected to learned helplessness test. (A) Lipid 
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higher than that observed for imipramine. Thus, it seems reasonable to 
assume that although AP is not an imipramine like psychoactive agent, 
its observed antidepressant like efficacy in animal models are due to 
its modulating effects on central monoaminergic neurotransmitter 
systems. Such effects of the extract seem to be due its suppressive effects 
on brain mitochondrial monoamine oxidase activities. 

Taken together with other reports on therapeutically interesting 
bioactivities of Andrographis paniculata extracts, our observations 
strongly suggest that the behavioral effects of AP in diabetic animals 
is due to its beneficial effects against oxidative damages caused by 
hyperglycemia and insulin deficiency. Both anti-hyperglycemic 
and anti-oxidative effects of Andrographis paniculata extracts and 
andrographolide in diabetic animals have often been reported [49], 
and more recently a report revealing cerebroprotective and nootropics 
like efficacy of an Andrographis paniculata extract in type-2 diabetic 
rats has appeared also [10]. However, in this later mentioned and 
diverse other preclinical reports the tested extracts were administered 
intraperitoneally, and as yet no reports on the effects of Andrographis 
paniculata extracts and their constituents on brain monoamine levels, 
oxidative status, and mitochondrial monoamine oxidase activities, or 
on the depressive state of diabetic and other animals, have appeared. 
The observed bio- and neuro-chemical alterations reported in this 
communication revealed that even the lowest oral AP dose tested (50 
mg/kg/day for ten days) was effective in reversing the altered enzymatic 
activities of both oxidative (MAO-A and MAO-B) as well as anti-
oxidative (SOD and catalase) enzymes and lipid peroxide levels in the 
brain samples of diabetic animals to those observed in non-diabetic 
ones. This dose of AP was also effective in partially reversing the lower 
hippocampal levels of the three quantified monoamines (NE, DA, and 
5-HT) in diabetic rats. 

Thus, the observations reported in this communication reveal 
not only that antidepressants like efficacy of AP is maintained in 
type-2 diabetic rats, but also that its minimal effective psychoactive 
oral doses are not higher than 50 mg/kg/day. Moreover, they add 
further experimental to the convictions that modulating effects of the 
extract on brain functions are also involved in its clinically observed 
symptomatic relief after treatments with this and other Andrographis 
paniculata extracts [50], and that AP could as well be a therapeutic 
herbal alternative for treatments of depression and diverse other 
psychopathologies commonly associated with or caused by type-
2 diabetes and other metabolic disorders. Since currently available 
antidepressants and all other psychoactive drugs do not properly meet 
the therapeutic demands of such patients, and are often contraindicated 
for such purposes, further efforts to more precisely define its sites and 
modes of actions and its bioactive principles, are now being made in 
our laboratories. 

Observation made to date to identify the antidepressant and 
adaptogenic components of AP have revealed that andrographolide 
is indeed is the quantitatively major such component of the extract 
(manuscript under preparation). Although the efficacy of pure 
andrographolide have not yet been tested in a type-2 diabetic animals, 
it has been reported that even very low daily oral doses (1.5 mg/kg/
day) of pure andrographolide possess anti-hyperglycemic activity in 
diabetic but not in normal rats [51]. Therefore, it seems reasonable 
to assume that the observed effects of AP on brain monoamines and 
oxidative status of diabetic animals is primarily due to its effects on 
some biological processes and mechanisms involved in deregulation of 
glucose homeostasis. Information on available on oral bioavailability 
of pure andrographolide [52] and other bioactivity constituents 
of Andrographis paniculata extracts [53,54] strongly suggest that 

the primary sites of actions andrographolide and other bioactive 
constituents of AP most probably is not the brain tissue itself. It is 
now well recognized that gut microbial ecology and the so called 
microbiota-gut-brain axis are involved in physiological regulation of 
brain functions and metabolic processes [55-59]. Therefore, it seems 
reasonable to assume that high efficacies of AP and andrographolide 
observed in our studies could as well be due to its regulatory effects on 
gut microbial ecology and enteric nervous system.

That such could indeed be the case is suggested also by the fact 
that andrographolide and other constituents of possess antibacterial 
and antiviral activities and that andrographolide and its structural 
analogues present in AP are extremely bitter substance with 
high affinity to specific bitter receptors present also in the entire 
gastrointestinal tract and other organs [60,61]. It has been reported also 
that andrographolide forms strong covalent bonds with endogenous 
thiols and macromolecules involved in regulation of oxidative and 
other processes leading to metabolic disturbances [62]. Therefore, it 
can be expected that the pharmacologically pleiotropic or polyvalent 
and therapeutically interesting bioactivities of AP and andrographolide 
observed in experimental animals after their daily oral doses are 
due to their irreversible interactions with biologically important 
macromolecules within the gastrointestinal tract. Efforts to identify 
such macromolecules and their biological functions could eventually 
lead to identification of novel pharmacological targets involved in the 
therapeutically interesting activity profile of AP reported in this and 
our earlier reports on this extract.

Thus, the observations reported in this communication have 
revealed not only a novel therapeutic potential of AP for prevention or 
cure of diabesity associated depression and other psychopathologies, 
but also have supplied us with a tool potentially useful for identifying 
novel pharmacological targets potentially useful for discovering novel 
therapeutic leads against co-morbid psychopathologies commonly 
associated with metabolic disorders and other chronic diseases. Since 
we have been successful in identifying andrographolide as quantitatively 
major psychoactive constituent of AP, we are now concentrating our 
efforts to identify its primary pharmacological site of action involved 
in its observed brain function modulating activities only. It must be 
mentioned though, that like all other plant extracts AP also contains 
other phytochemicals with known brain function modulating and 
hyperglycaemic activities worth following further not only for drug 
discovery purposes, but also for better understanding of the biological 
processes involved in the modes of actions of the traditionally known 
and still widely used medicinal plant Andrographis paniculata.

Conclusion
Andrographis paniculata extracts rich in andrographolide could be 

a herbal alternatives for treatments of diabetes associated depressive 
disorders and other co-morbidities. Further efforts necessary for 
conducting properly controlled clinical trials for such purposes can be 
warranted. 
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