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ABSTRACT

Introduction: Major depressive disorder is often associated with suicidal tendencies, and this
condition accentuates the need for rapid-acting antidepressants. We previously reported that
Alkaloids (ALK) from Trichilia monadelpha possess antidepressant action in acute animal

Article info: models of depression and that this effect is mediated through the monoamine and L-arginine-

Received: 18 Aug 2020 * NO-cGMP pathways. This study investigated the possible rapid-onset antidepressant effect of
First Revision: 26 Oct 2020 : ALK from 7. monadelpha and its connection with the glycine/NMDA receptor pathway.

Accepted: 07 Dec 2020 Methods: The onset of ALK action from 7. monadelpha was evaluated using the Open
Available Online: 01 May 2021 : Space Swim Test (OSST), a chronic model of depression. The modified forced swimming

and tail suspension tests were used to assess the effect of the ALK on the glycine/NMDA
receptor pathway. The Instutute of Cancer Research (ICR) mice were treated with either ALK
(30-300 mg/kg, orally [PO]), imipramine (3—30 mg/kg, PO), fluoxetine (3-30 mg/kg, PO),
or saline. To identify the role of glycine/NMDA receptor pathway in the effect of ALK, we
pretreated mice with a partial agonist of the glycine/NMDA receptor, D-cycloserine (2.5 mg/
kg, intraperitoneally [IP]), and an agonist of glycine/NMDA receptor, D-serine (600 mg/kg,
IP), before ALK administration.

Results: ALK reversed immobility in mice after the second day of drug treatment in the
OSST. In contrast, there was a delay in the effects induced by fluoxetine and imipramine.
ALK also increased mean swimming and climbing scores in mice. ALK was more efficacious
than imipramine and fluoxetine in reducing immobility and increasing distance traveled. It
is noteworthy that ALK was less potent than fluoxetine and imipramine. D-cycloserine

Keywords: i potentiated mobility observed in the ALK- and fluoxetine-treated mice. In contrast, D-serine
Glycine/NMDA receptor, Open :  decreased mobility in the ALK-treated mice.

space swim test, Rapid-acting *  Conclusion: The study results suggest that ALK from 7. monadelpha exhibits rapid
antidepressant, Trichilia, . antidepressant action in mice, and the glycine/NMDA receptor pathway possibly mediates the
Alkaloids :  observed effect.
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Highlights

e Alkaloids from Trichilia monadelpha are faster in reversing depression-related symptoms in mice when compared
to fluoxetine and imipramine.

e Higher doses of Trichilia monadelpha alkaloids are needed to produce the above effect when compared with fluox-
etine/ imipramine.

® The glycine/NMDA pathway may be responsible for the rapid-acting antidepressant effect of Trichilia monadelpha.

Plain Language Summary

When patients are depressed, they normally take medications to get better. These antidepressants normally take a
long time before patients to start feeling better. Due to this, scientists have been searching for drugs that will reduce
the symptoms of depression faster than the available drugs. This is the purpose of our work. In this work, we tested
the effect of some plant constituents called alkaloids from a plant named Trichilia monadelpha. We had previously
reported that this plant has antidepressant effect and that the effect was mainly due to its alkaloids. In this present work
however, we wanted to find out if the alkaloids in the plant will reverse depressive symptoms faster than fluoxetine and
imipramine (two popularly used antidepressants). From our findings, we realized that the alkaloids reversed depressed
symptoms many days before the effects of fluoxetine and imipramine were seen. We also wanted to know how the alka-
loids were producing this effect. To do this we looked at the effect of the alkaloid on the glycine/NMDA pathway. Our
study seem to suggest that the very quick response from the alkaloids may be due to their inhibition of this pathway.
Though a drug like ketamine has this effect, its side effect and abuse potential is high and no it is difficult for these drugs
to be prescribed on regular basis. Thus, our findings offers the hope that in the near future patients can have a chance
of taking antidepressant drugs that can work on the same day without too many serious side effects. It is important to
emphasize that further studies are required to better understand what we are seeing.

tion, 2020; Curtin, Warner & Hedegaard, 2016). These
challenges accentuate the need for rapid-acting antide-
pressants (Maeng & Zarate Jr, 2007; Duman, 2018).

1. Introduction

epression is a chronic, recurrent, and
debilitating psychiatric disease (Perviz,
Khan & Pervaiz, 2016; Naz et al., 2017;
Hashimoto 2019). The neurobiology of
depression is associated with monoami-
nergic dysregulation. Thus, many antide-
pressants currently used mainly regulate
monoamine neurotransmission (Alexander & Preskorn,
2014; Harmer, Duman & Cowen, 2017). Although stud-
ies show that most antidepressants increase levels of
monoamines, this effect does not translate into imme-
diate clinical effects (Trivedi et al., 2006). This issue is
presented in a time lag of several weeks before these an-
tidepressants initiate their clinical effect (Skolnick, Popik
& Trullas, 2009). Also, monoamine-modulating antide-
pressants are effective in about 66.7% of patients (Wang,

A paradigm shift from focusing on the monoaminergic
hypothesis to the N-Methyl-D-Aspartate (NMDA) re-
ceptor pathway may represent a considerable advance-
ment in searching for new, effective, and fast-acting
antidepressants. NMDA receptor activation requires
the presence of two agonists: glutamate and coagonist
glycine, at their different binding sites (Cummings &
Popescu, 2015). A wealth of evidence suggests that glu-
tamate alteration or dysregulation in the brain contributes
to the pathophysiology of depression (Auer et al., 2000;
Kiigiikibrahimoglu et al., 2009; Sanacora & Schatzberg,
2015). Also, preclinical studies in the 1990s suggested
that NMDA receptor antagonists had rapid-onset anti-
depressant effects (Krystal, Sanacora & Duman, 2013;

Jing, Toledo-Salas & Xu, 2015). The low response rate
and delayed onset of action of current antidepressants
are major drawbacks. Furthermore, depression-related
suicides have been on the rise in recent years, claiming
the lives of about 20% of depressed patients (Hollon &
Shelton 2001; Centers for Disease Control and Preven-

Serafini, Howland, Rovedi, Girardi & Amore, 2014;
Kraus et al., 2019). D-cycloserine, a partial agonist at the
glycine-B coagonist site of NMDA glutamate receptors,
could improve mood almost immediately following drug
administration (Crane, 1959). Preclinical models have
also revealed that other glutamatergic agents such as
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amantadine (NMDA antagonist) and riluzole (glutamate
release inhibitors) may have antidepressant properties
(Moryl, Danysz & Quack, 1993; Calabrese et al., 2000;
Gourley, Espitia, Sanacora & Taylor, 2012). Further-
more, some agents that target the glutamatergic signaling
pathway improve mood within a short period (Shin et al.,
2014). For instance, ketamine, an NMDA receptor antag-
onist, improves depressive symptoms in patients within
few hours (Berman et al., 2000). Thus, the discovery of
ketamine and congeners holds tremendous promise to
search for rapid and efficacious antidepressants. Howev-
er, abusive tendency, dissociative and psychotomimetic
adverse effects discourage the routine use of ketamine as
an antidepressant (Farber, 2003). Therefore, search for
other agents with fewer adverse effects is necessary.

Researchers have sought potential sources of practical
and rapid-onset antidepressants (Wattanathorn, Pang-
pookiew, Sripanidkulchai, Muchimapura & Sripanidku-
chai, 2007; Hashimoto, 2019; Kraus et al., 2019). Some
of the identified sources of potential antidepressants are
plant products (Shi & Wang, 2006; Freitas et al., 2010;
Kwon et al., 2010; Lee et al., 2010; Wang et al., 2010).
Trichilia monadelpha is a traditional medicinal plant
commonly used to manage various neurological disor-
ders, including depression (No Author, 1927; Shin et al.,
2014; Kukuia et al., 2018). The plant has a plethora of
bioactive phytochemicals in its stem bark that can be
employed to manage treatment-refractory mood-disor-
ders like depression (Lemmens, 2008). Plant secondary
metabolites, particularly alkaloids, have emerged as crit-
ical pharmacological agents in treating depression (Yao
et al., 2009; Martinez-Vazquez et al., 2012; Dhingra &
Valecha, 2014; Perviz et al., 2016). Recently, we reported
the antidepressant potential of alkaloids extracted from
the stem bark of 7. monadelpha (Kukuia et al., 2018) in
acute animal models. The present study, thus, sought to
evaluate the time of onset of the antidepressant action of
total alkaloids taken from T. monadelpha in a chronic
model of depression and also elucidate the possible in-
volvement of the glycine/NMDA receptor pathway.

2. Methods
2.1. Trichilia monadelpha

Botanical name: Trichilia monadelpha (Thonn.) J.J. de
Wilde; Family: Meliaceae

Indigenous names: Tanduro (Akan), Tenuba (Nzema)

T monadelpha stem bark was collected from
Bomaa, Brong-Ahafo Region, Ghana (7005°06.60"'N,

Edem Kukuia, K. K., et al. (2021). Antidepressant Effect of Trichilia
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2010°01.66"* W), and authentication was done at Ghana
Herbarium, Department of Botany, the University of
Ghana (Voucher No. DPT/JM/001).

2.2. Geolocation information

Animal studies were carried out at the Neuropsycho-
pharmacology Laboratory, Department of Medical Phar-
macology, University of Ghana, Medical School.

2.3. Preparation of stem bark extracts

The stem bark of T monadelpha was sliced, sun-dried
for 14 days, and ground into a fine powder. Using the
cold maceration technique, the powdered plant bark was
sequentially extracted with petroleum ether (40-60°C),
followed by ethyl acetate, and then 70% ethanol over 24
hours. Afterward, the ethanolic extract was concentrated
under low pressure at 40-60°C in a rotary evaporator.
The thick mass formed was further dried using a water
bath and stored in a desiccator. The percentage yield of
the ethanolic extract was 7.3% “/w.

2.4. Preliminary phytochemical screening

Qualitative screening for alkaloids in the extract was
done by following the method of Evans & Trease (1989).

2.5. Extraction of alkaloids from the ethanolic fraction

The extraction method was described by Harborne
(1973) and Obadoni & Ochuko (2002). Briefly, 1 L of
10% acetic acid in ethanol was added to 50 g of the etha-
nolic extract in a beaker. The resulting solution was fil-
tered after being allowed to stand for 4 hours. Drops of
KOH were added to the concentrated obtained from fil-
tration until the formation of a precipitate was complete.
The solution was allowed to sediment and the precipitate
decanted, washed with diluted NH,OH, and then filtered.
The resulting residue (14.2% “/w) was then collected
and dried as total Alkaloids (ALK).

2.6. Animal husbandry

Male ICR mice (20-25 g) were purchased from the No-
guchi Memorial Institute for Medical Research, Univer-
sity of Ghana, and maintained at the animal facility of the
School of Biomedical and Allied Health Science, Uni-
versity of Ghana. The room temperature was kept at 20—
23°C with a relative humidity of 60%-70% under 12:12
h light/dark cycle. The animals were housed in cages
with wood shavings as bedding and fed with standard
commercial feed, and given water freely. The mice were
handled according to the Guide for the Care and Use of

ha Mediated by Glycine/NMDA Receptor. BCN, 12(3), 395-408.
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Laboratory Animals (Institute for Laboratory Animal Re-
search, Commission on Life Sciences, Division on Earth
and Life Studies, National Research Council, 1996).

2.7. Drugs and chemicals

D-cycloserine and D-serine were purchased from Sig-
ma-Aldrich Inc., St. Louis, MO, USA. Imipramine hy-
drochloride and fluoxetine hydrochloride were obtained
from Mallinckrodt Pharmaceuticals, Ireland, and Eli
Lilly and Co., Basingstoke, England, respectively.

2.8. Chronic depression model
2.8.1. The open space swim test

A slight modification to the method described by Stone
& Lin (2011) was done. Swimming was carried out in rat
tub cages (28x26x41 cm, wxhx]) filled with lukewarm
water at the height of 13 cm (32-34°C). Mice were made
to swim individually for 15 min each day for 4 consecu-
tive days to induce a depressive state characterized by
the increase in immobility and diminution of distance
traveled by the mice. Drug treatment started from day
5 till day 18. All swim sessions were videotaped from
above. No special measures were used to dry or warm
the animals as they quickly dried themselves with no vis-
ible shivering. The swimming distance was evaluated as
the number of quadrants of the tub entered and the dura-
tion of immobility from the total time the animal was
observed to float.

2.8.2. Tail Suspension Test (TST)

The Tail Suspension Test (TST) was carried out as pre-
viously described by Steru, Chermat, Thierry & Simon
(1985). Approximately 60 min after oral administration
and 45 min after intraperitoneal injection of test drugs,
the mice were suspended by the tail from a horizontal
bar (placed 30 cm above the floor) using adhesive tape.
(distance from the tip of the tail is 1 cm.) The immobility
period (defined as the absence of all movements except
those required for respiration) was video-recorded for
6 min. Behaviors for the last 4 min of the 6minutes were
subsequently analyzed. A reduction in the immobility
score was the measure for the antidepressant effect.

2.8.3. Forced Swimming Test (FST)

The Forced Swimming Test (FST) was implemented
as described by Porsolt, Le Pichon & Jalfre (1977). An
hour after oral treatment and 45 min after intraperito-
neal injection of test compounds, the mice were placed
separately in polypropylene cylinders (height 25 cm, di-
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ameter 10 cm) containing 10 cm of water, maintained at
25°C. The duration of immobility was regarded as the
time spent by the mouse floating upright and made only
small movements to keep its head above the water. The
duration of immobility was scored during the last 4 min
of the 6 min test period. A reduction in immobility score
was an indication of the antidepressant effect.

2.8.4. Design of experiment to indicate the partici-
pation of Glycine/NMDA receptor complex

Mice were initially divided into groups, A and B. Each
group was further subdivided into 10 groups each (n=7).
Each group of mice from group A was pretreated with
D-cycloserine (2.5 mg/kg, IP), and 30 min after, the first
three groups received ALK (30, 100, and 300 mg/kg)
with the next three groups receiving fluoxetine (3, 10,
and 30 mg/kg) and the other three groups receiving imip-
ramine (3, 10 and 30 mg/kg, IP). The 10 group received
only D-cycloserine. Ten groups of mice from group B
received D-serine (600 mg/kg) pretreatment, and 30 min
after, the first three groups received an oral dose of the
ALK (30, 100, and 300 mg/kg, PO) with the following
three groups receiving fluoxetine (3, 10, and 30 mg/kg,
PO) and other three groups receiving imipramine (3, 10,
and 30 mg/kg, IP). The 10* group from group B received
only D-serine. The FST and TST were used as described
above to investigate the antidepressant mechanism.

2.8.5. Statistical analysis

For all data and statistical analyses, the GraphPad
Prism for windows version 5.03 (GraphPad Software,
San Diego, CA, USA) was used. P<0.05 was considered
statistically significant. Differences in means were ana-
lyzed by 1-way or 2-way ANOVA with either Newman-
Keuls or Bonferroni post hoc tests, respectively.

3. Results
3.1. Chronic depression- open space swim test

From the time-course graph, we observed that mice
demonstrated an increase in despair-related behavior
by increasing immobility score, decreasing the distance
traveled in the first four days before drug treatment (Fig-
ures 1, 2, 3). After drug treatment, however, ALK caused
a significant diminution in immobility after day two of
treatment (day 6 of the experimental day), and this condi-
tion remained until the last day of treatment (F, (=21.76,
P<0.0001) (Figure 1A). Further, ALK increased the num-
ber of quadrants entered (distance travelled) by the mice
(F, =14.46, P<0.0001) (Figure 1B). Fluoxetine showed

3,68
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Figure 1. Effects of Alkaloids (ALK) (30-300 mg/kg) treatment

May, June 2021, Volume 12, Number 3

On the A: Period of immobility; and B: the distance travelled in the open space swim test.

Significant differences from the control: P<0.05, "P<0.001, "P<0.001 by Newman-Keuls test.

a reduction in immobility time after day 6 of treatment
(Figure 2A) but an increased distance traveled on the sec-
ond day of drug treatment (Figure 2B). Imipramine (IMI)
showed a decrease in immobility time after day 6 of treat-
ment (Figure 3A) but a similar effect as ALK with regard
to distance traveled (Figure 3B).

2.2. Dose-response plots

According to the dose-response curve, higher doses of
Alkaloids (ALK), Fluoxetine (FLX), and imipramine
(IMI) reduced immobility score while increased distance
traveled (Figure 4A & B). A higher dose of ALK was
needed to achieve a 50% response (ED, ) as compared to
FLX and IMI, suggesting that ALK was less potent than
FLX and IMI. ALK was, however, more efficacious than
FLX and IMI in reducing immobility time, and increas-
ing distance traveled since it had a higher E___(Figure 4
A & B; Table 1).

Figure 2. Effects of Fluoxetine (FLX) (3-30 mg/kg) treatment

3.3. Involvement of the Glycine/NMDA receptor
pathway

3.3.1. Effect of D-cycloserine pretreatment on im-
mobility behavior

Figure 3 shows the effect of D-cycloserine on ALK,
FLX, and IMI treatment in the TST and FST. When
administered alone, ALK, FLX, or IMI significantly re-
duced immobility behavior in mice (Figure 5; untreated).
Pretreatment with D-cycloserine (2.5 mg/kg, IP) caused
a further decrease in immobility score in the ALK
group (30-300 mg/kg, PO) in both TST (F,, ., =38.86,
P<0.0001; See Figure 5A) and FST (F, ,=35.46,
P<0.0001; See Figure 5B). In contrast, D-cycloserine
pretreatment did not potentiate the effect of FLX (3-30
mg/kg, PO) or IMI (3-30 mg/kg, PO).

19,120

On the A: Duration of immobility; and B: The distance travelled in the open space swim test.

Significant differences from the control: P<0.05, "P<0.001, “P<0.001 by Newman-Keuls test.
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Figure 3. Effects of imipramine (IMI) (3-30 mg/kg) treatment

Basic and Clinical

On the A: Period of immobility; and B: The distance travelled in the open space swim test.

Significant differences from the control: P<0.05, "P<0.001, "P<0.001 by Newman-Keuls test.

3.3.2. Effect of D-cycloserine pretreatment on
swimming and climbing scores in the FST

Our study showed that ALK (30-300 mg/kg, PO), FLX
(3-30 mg/kg, PO), and IMI (3-30 mg/kg, PO) increased
swimming behavior in mice (Figure 6). The increase in
swimming behavior induced by ALK was further en-
hanced by D-cycloserine pretreatment (Figure 6A). Mice
treated with ALK or FLX did show any significant change
in climbing score, unlike the IMI group (Figure 6B).

3.3.3. D-serine pretreatment

Figure 7 shows the effect of combined administration
of D-serine (600 mg/kg, IP, a full agonist on glycine/
NMDA receptor) on ALK, FLX, and IMI in TST and
FST. The antidepressant effect of ALK (30, 100, and 300
mg/kg, PO), FLX (3-30 mg/kg, PO) and IMI (3-30 mg/
kg, PO) was significantly reversed by the pretreatment of
D-serine in both (A) TST (F , ,=67.26, P<0.0001) and
(B)FST (F,, ,,,=29.37, P<0.0001).

19,120

Figure 4. Log dose-response curves

3.34. D-serine pretreatment on swimming and
climbing scores in FST

ALK, FLX, and IMI increase the swimming score,
and this increase was reduced by D-serine in ALK- and
FLX-treated mice but unaffected in IMI-treated mice
(Figure 8). Climbing scores were increased by ALK
(30-300 mg/kg, PO) and IMI (3-30 mg/kg, PO) (Figure
8A). Pretreatment of D-serine did not affect the climbing
score in ALK (300 mg/kg, PO; See Figure 8B).

4. Discussion

Several previously studies have reported the role of the
glutamatergic and glycine/NMDA receptor complex in
the pathophysiology of major depression (Mantovani,
Pértile, Calixto, Santos & Rodrigues, 2003; Matthews,
Henter & Zarate Jr, 2012). Reports also show the effi-
cacy of glutamatergic compounds such as functional
glycine/NMDA receptor antagonists as fast-acting anti-
depressant agents (Zarate et al., 2013). Novel antidepres-
sants with a plant-based origin that possess fast-acting
antidepressant effects are required. We investigated the
time of onset of the antidepressant action of total alka-

B

Showing the effect of Alkaloid (ALK) (30-300 mg/kg), Fluoxetine (FLX) (3-30 mg/kg), and Imipramine (IMI) (3-30 mg/kg) on (A) %
decrease in immobility time and (B) % increase in distance traveled in the open space swim test in mice

Each point represents a percentage decrease of control (Mean+SEM, n=10).
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Table 1. ED, and Emax values of drug treatments in the open space swim test

Immobility Distance Traveled
Treatments
ED,, (mg/kg) Emax ED,, (mg/kg) Emax
Alkaloid 6.307 57.80 7.656 100
Fluoxetine 0.4582 41.75 0.4360 58.74
Imipramine 0.6082 41.59 1.054 58.11

loids taken from 7 monadelpha in a chronic model of
depression and also elucidated its possible connection
with the glycine/NMDA receptor pathway.

According to our study, stem bark Alkaloids (ALK)
taken from 7. monadelpha exerted rapid antidepressant

activity in the open space swim test compared to refer-
ence antidepressants like fluoxetine and imipramine.
The decrease in immobility time, which is a more repro-
ducible index in determining antidepressant activity in
mice using a chronic model (Stone, Lin & Quartermain,
2008; Stone & Lin, 2011), began on day 2 of the ALK
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Figure 5. Effect of pretreatment of mice

With D-cycloserine (2.5 mg/kg, IP, a Partial Agonist on Glycine/ NMDA receptor on Alkaloid (ALK) (30, 100, and 300 mg/kg, PO),
Fluoxetine (FLX) (3, 10, and 30 mg/ kg, PO) and Imipramine (IMI) (3, 10, and 30 mg/kg, PO) immobility score in the (A) TST and (B) FST.

Each column represents the MeantSEM (n=7). Significant differences from vehicle: “P<0.0001; “P<0.001; P<0.01 (one-way ANOVA
followed by Newman-Keuls test). T1<0.001; "'P<0.01; tP<0.05. Significant variation between treatment and dose (two-way ANOVA

with Bonferroni post hoc test).



http://bcn.iums.ac.ir/

May, June 2021, Volume 12, Number 3

Basic and Clinical

A
mmmm UNTREATED
— PRETREATED
30
i
[]
s 25 kk Tt ok
*kk
8 * wk % ke ol I wkk e
™ 20 s wekk
= w%
E sk
*%
EP
3
v 10
-1
3
5
=
0
VEH ALK 30 ALK 100 ALK 300 FLX 3 FLX 10 FLX 30 IMI3 IMI10 IMI 30
B
mmm UNTREATED
— PRETREATED
30
g 25 T LAl
g wekk wkk
o 20 -
£
'E 15 ek
g *hk
o 10
(5]
O ] ] ]
o ISR BN B~ t N
0
VEH ALK 30 ALK 100 ALK 300 FLX 3 FLX 10 FLX 30 IMI 3 IMI 10 IMI 30

Figure 6. Effect of pretreatment of mice

With D-cycloserine on Alkaloid (ALK) (30, 100, and 300 mg/ kg, PO), Fluoxetine (FLX) (3, 10, and 30 mg/kg, PO) and Imipramine [IMI]
(3,10, and 30 mg/kg, PO) swimming (A) and climbing (B) score in FST

Each column represents the Mean+SEM (n=7). Significant differences from vehicle: “P<0.0001; “"P<0.001; 'P<0.01 (one-way ANOVA
followed by Newman-Keuls test). T1<0.001; P< 0.01; P<0.05. Significant difference between treatment and dose (two-way ANOVA

with Bonferroni post hoc test).

treatment. ALK increased the number of quadrants vis-
ited or distance traveled by mice. A delay in the onset
of antidepressant effect was recorded in fluoxetine- and
imipramine-treated mice on the sixth and seventh day of
treatment, respectively.

Depression is conventionally described as a state of
neurotransmitter imbalance, and many antidepressants
such as tricyclic antidepressants, selective serotonin
reuptake inhibitors, and bupropion have been designed
to work via blockade of transporters in the brain (An-
drade & Rao, 2010). The actions mentioned above can
be detected immediately after drug administration; how-
ever, it takes several weeks to observe the clinically-rel-
evant therapeutic effects of these antidepressants (Frazer
& Benmansour, 2002; Harmer, Goodwin & Cowen,
2009; Samuels & Hen, 2011). Reports suggest that de-
pressed patients respond well after chronic treatment

with antidepressants (Stone & Lin, 2011). Studies also
indicate a complex sequence of downstream neurophar-
macological changes occurring after chronic treatment
with antidepressants. It is noteworthy that some of these
alterations may contribute to prolonged-time lag in im-
provement in the depressive symptoms and reduced ef-
ficacy (Duman & Monteggia 2006; Tardito et al., 2006;
Harmer et al., 2009; Manyji et al., 2003).

Several clinical and preclinical studies have shown the
role of functional glycine/NMDA receptor antagonists in
managing depression (Dunam & Li, 2012; Zhuetal.,2013;
Gordillo-Salas, Pilar-Cuéllar, Auberson & Adell, 2018).
The current study demonstrated that glycine/NMDA re-
ceptor antagonism contributes to the antidepressant-like
effect of ALK taken from Trichilia monadelpha in TST
and FST. Pretreatment with D-cycloserine further potenti-
ated the mobility effect of ALK in the mice. In contrast,
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Figure 7. Effect of pretreatment of mice

With D-serine (600 mg/kg, IP, a full agonist on Glycine/ NMDA receptor) on Alkaloid (ALK) (30, 100, and 300 mg/kg, PO), Fluoxetine
(FLX) (3, 10, and 30 mg/kg, PO) and Imipramine (IMI) (3, 10, and 30 mg/kg, PO) immobility score in the A: TST; and B: FST.

Each column represents the Mean+SEM (n=7). Significant differences from vehicle: “"P<0.0001; “P<0.001; P<0.01 (one-way ANOVA
followed by Newman-Keuls test). TTP<0.001; TP< 0.01; 'P<0.05; significant difference between treatment and dose (two-way ANOVA

with Bonferroni post hoc test).

pretreatment of D-serine decreased the mobility effect of
ALK, FLX, and IMI in the mice. Since D-serine is a full
agonist on the glycine/NMDA receptor, the results sug-
gest that activating this receptor complex causes a dimi-
nution of antidepressant activity of drugs that work via
serotonin and noradrenaline systems (Wlaz’ et al., 2011).

The glycine/NMDA receptor antagonistic effect of
ALK strongly supports the observed rapid behavioral ef-
fect demonstrated in the open space swim test. Recently,
it was demonstrated that ketamine (an NMDA receptor
antagonist) represents a viable alternative to typical anti-
depressants with limited efficacy and significant time lag
for therapeutic response (Duman & Li, 2012). However,
agents that antagonize at the glycine-B site of NMDA re-
ceptors demonstrate relatively few side effects compared
to the competitive and non-competitive NMDA antago-
nists (Poleszak et al., 2011).

In modified FST, drugs that cause an upsurge in swim-
ming scores without significantly changing the climbing

score are sensitive to the 5S-HTergic pathway. In contrast,
drugs with selective effects on catecholamine neurotrans-
mission increase the climbing activity without affecting
swimming behavior (Page, Detke, Dalvi, Kirby & Lucki,
1999; Rénéric, Bouvard & Stinus, 2001). In this study,
mice treated with ALK demonstrated increased swim-
ming behavior which was further potentiated with D-
cycloserine pretreatment. There was, however, a reversal
of this effect with D-serine pretreatment. Climbing scores
of ALK-treated mice were not affected by both D-serine
and D-cycloserine pretreatment. This result further sup-
ports the theory that interaction between 5-HT receptor
and NMDA receptor neurotransmission is more plausible
than the noradrenergic and NMDA receptor neurotrans-
mission (Szewczyk et al., 2009; Poleszak et al., 2011).

Our results indicate that stem bark ALK taken from 7.
monadelpha antagonizes glycine/NMDA receptor and
probably acts via enhancement of monoaminergic neu-
rotransmission. It is noteworthy that the behavioral effect
of ALK remained throughout the experimental period.
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Figure 8. Effect of pretreatment of mice

With D-serine on Alkaloid (ALK) (30, 100, and 300 mg/kg, PO), Imipramine (IMI) (3, 10, and 30 mg/ kg, PO), and Fluoxetine (FLX) (3,

10, and 30 mg/kg, PO) A: Swimming ;and B: Climbing scores

Each column represents the Mean+SEM (n=7). Significantly differences from vehicle: "P<0.0001; "P<0.001; P<0.01 (one-way ANOVA
followed by Newman-Keuls test). 7fP<0.001; *P<0.01; tP<0.05; Significant variance between treatment and dose (two-way ANOVA

with Bonferroni post hoc test).
5. Conclusion

Total alkaloids taken from Trichilia monadelpha ex-
hibited a rapid-onset antidepressant effect when given to
mice, and glycine/NMDA antagonism may mediate this
observed effect.
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