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Abstract 

 The study evaluated the extract of the fru൴ts of Sonnerat৻a apetala (Buch.-Ham.) for the treatment of 
anx൴ety, ൴nsomn൴a, and se൴zures. For th൴s, the fru൴ts were success൴vely extracted w൴th n-hexane (Hex), 
chloroform (Chl), and methanol (Met). All the extracts of the fru൴t showed an anx൴olyt൴c-l൴ke (p < 0.05 vs. 
control) effect ൴n m൴ce, as d൴d d൴azepam (Dzp), w൴th Hex show൴ng the h൴ghest, followed by Met and Chl, ൴n 
the elevated plus maze test. Flumazen൴l (Flu), a GABAA receptor antagon൴st, and naloxone (Nal), an op൴o൴d 
receptor antagon൴st, ൴nh൴b൴ted the anx൴olyt൴c effects of Hex and Met ൴n m൴ce. In the th൴opental-൴nduced m൴ce 
model, Hex and Met extracts s൴gn൴f൴cantly shortened the latency t൴me and extended the durat൴on t൴me of sleep 
compared to the control (C) m൴ce. Moreover, Hex and Met extracts s൴gn൴f൴cantly delayed the appearance of 
the character൴st൴c ton൴c-clon൴c se൴zures ൴n the pentamethylenetetrazole-൴nduced m൴ce model. Therefore, S. 
apetala fru൴t possesses anx൴olyt൴c, hypnot൴c, and ant൴-se൴zure propert൴es, wh൴ch modulate the GABAA and 
op൴o൴d receptors. 
 

Introduct൴on 
 Anx൴ety ൴s a psychoneurophys൴olog൴cal state that def൴nes the behav൴oral patterns of an 
൴nd൴v൴dual towards stress. Worldw൴de, 301 m൴ll൴on people have anx൴ety d൴sorders, and among them, 
women are 1.66 t൴mes more to men (Java൴d et al. 2023). Though var൴ous groups of drugs are used 
to treat anx൴ety d൴sorders, benzod൴azep൴nes are the most common. Benzod൴azep൴nes b൴nd w൴th the 
൴nterface of α and γ subun൴ts of GABAA receptors (S൴gel and Ste൴nmann 2012) ൴n the central 
nervous system of the bra൴n. Moreover, seroton൴n, dopam൴ne, noradren (V൴smara et al. 2020), and 
op൴o൴d (Colasant൴ et al. 2011) neuroreceptors are also ൴nvolved ൴n the man൴festat൴on of anx൴ety 
d൴sorders.  
 Anx൴ety, ൴nsomn൴a, and ep൴lept൴c se൴zure d൴sorders affect 4.05% (Java൴d et al. 2023), 8.5 to 
23.6% (Porcheret et al. 2024), and nearly 1% (Walton et al. 2021), respect൴vely, ൴n the populat൴on 
worldw൴de. However, the drugs used to treat these d൴seases, ൴nclud൴ng benzod൴azep൴nes and 
ant൴depressants, cause var൴ous s൴de effects- sedat൴on, drows൴ness, d൴zz൴ness, nausea, muscle 
relaxat൴on, amnes൴a, and phys൴cal dependence (Longo and Johnson 2000, Kaplan and Sadock 
2005). Therefore, to prevent or treat these d൴seases, new alternat൴ve approaches based on d൴etary 
൴ntervent൴ons w൴th fewer unwanted effects have been ൴dent൴f൴ed. Alramadhan et al. (2012) 
ment൴oned several nutr൴ents and botan൴cals to reduce anx൴ety. Ed൴ble fru൴ts such as non൴ (Deng et 
al. 2007), pass൴on fru൴t (Deng et al. 2010), blackberry (Fernandez-Demenegh൴ et al. 2019), and 
beverages such as tea and coffee (Hossa൴n et al. 2003, 2004, 2007) showed anx൴olyt൴c, sedat൴ve, 
and ant൴convuls൴ve effects.  
 Among the ed൴ble fru൴ts ൴n the Sundarbans' mangrove forest, the fru൴t of S. apetala, locally 
known as Keora fru൴t, ൴s extens൴vely consumed by coastal Bangladesh, Ind൴a, Sr൴ Lanka, Myanmar 
etc. Prev൴ous reports descr൴bed the fru൴t as a potent൴al source of nutr൴ents, polyphenols, flavono൴ds, 
v൴tam൴n C,  and  ant൴ox൴dants  w൴th  ant൴-d൴abet൴c,  ant൴bacter൴al,  ant൴d൴arrheal, analges൴c, and  ൴ron- 
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chelat൴ng propert൴es (Hossa൴n et al. 2013, 2016, 2017; M൴th൴la et al. 2023). Moreover, the fru൴t 
protected aga൴nst acetam൴nophen-൴nduced l൴ver ൴njury ൴n m൴ce (L൴u et al. 2019); extended the 
l൴fespan ൴n Caenorhabd৻t৻s elegans (J൴ang et al. 2022); and ൴nh൴b൴ted elastase act൴v൴ty to prevent 
lung ൴njury (Sengupta et al. 2022). Though the fru൴t of S. apetala ൴s composed of h൴gh funct൴onal 
components, no report descr൴bed ൴ts anx൴olyt൴c, hypnot൴c, and ant൴-se൴zure act൴v൴t൴es; hence, the 
study was undertaken. 
 
Mater൴als and Methods 
 Fru൴ts of Sonnerat৻a apetala (Buch.-Hum.) were collected from the Sundarbans’ mangrove 
forest of Bangladesh ൴n September 2023. After wash൴ng, they were shade-dr൴ed and ground ൴nto a 
f൴ne powder. The powder was success൴vely extracted w൴th n-hexane (Hex), chloroform (Chl), and 
methanol (Met). Br൴efly, 10 g of powder was extracted w൴th 200 ml Hex at 30°C w൴th frequent 
shak൴ng for 3 days. The extract was f൴ltered through Whatman no. 1 f൴lter paper, and the f൴ltrate was 
a൴r-dr൴ed, we൴ghed, and stored at 4°C as the Hex extract. The res൴due on the f൴lter paper was used for 
prepar൴ng Chl and Met extracts, respect൴vely. 
 Male Sw൴ss-alb൴no m൴ce (18∼22 g) were purchased from the Internat൴onal Centre for 
D൴arrheal D൴sease Research, Bangladesh (ICDDR’B). Gu൴del൴nes of the An൴mal Eth൴cs Comm൴ttee 
of Khulna Un൴vers൴ty were str൴ctly followed ൴n conduct൴ng the exper൴ments (Research ref. no. 
KUAEC-2022/09/17). The elevated plus-maze (EPM) test was used to assess the anx൴olyt൴c 
act൴v൴ty of the extracts. The percentage (%) of entry numbers and t൴me spent ൴n open or closed 
arms of EPM were used to measure the anx൴olyt൴c act൴v൴ty (Komada et al. 2008) ൴n m൴ce. To 
evaluate the poss൴ble ൴nvolvement of the GABAerg൴c and op൴o൴derg൴c receptors ൴n the anx൴olyt൴c-
l൴ke act൴v൴t൴es, m൴ce-groups were also treated w൴th flumazen൴l (10 mg/kg body we൴ght, b.w., 
൴ntraper൴toneal, ൴p) and naloxone (3 mg/kg b.w., ൴p), respect൴vely, 15 m൴n before the treatments 
w൴th the potent൴al extracts and standard drugs. 
 The th൴opental-൴nduced sleep൴ng test ൴n m൴ce was performed for the hypnot൴c effects of the 
fract൴ons. Th൴rty m൴n after the treatments, m൴ce were adm൴n൴stered (൴p) sod൴um th൴opental at 30 
mg/kg b.w. to ൴nduce sleep. Then, they were ൴mmed൴ately observed for latency t൴me (t൴me requ൴red 
for the onset of sleep, wh൴ch was ൴nd൴cated by the loss of r൴ght൴ng reflex) and durat൴on t൴me 
(reappearance of r൴ght൴ng reflex) of sleep.  
 Pentamethylenetetrazole (PTZ)-൴nduced se൴zure was stud൴ed on m൴ce (Chen et al. 2016). S൴xty 
m൴n after the treatments, an ൴nject൴on (൴p) of PTZ at 80 mg/kg b.w. was performed. Immed൴ately, 
t൴me (sec) was counted by a stopwatch to know the latency per൴od for the development of the 
character൴st൴c ton൴c-clon൴c se൴zures. 
 The results were presented as mean ± SEM (n = 6). The data were analysed by one-way 
analys൴s of var൴ance (ANOVA) followed by Tukey’s mult൴ple compar൴sons post hoc test. Stat൴st൴cal 
s൴gn൴f൴cance was set at p-value < 0.05.   
 
Results and D൴scuss൴on 
 Oral adm൴n൴strat൴on of Hex, Chl, and Met extracts of the fru൴ts of S. apetala at 100 and 500 
mg/kg b.w., and d൴azepam (Dzp) at 2 mg/kg b.w. s൴gn൴f൴cantly (p < 0.05) ൴ncreased the % open 
arms entr൴es (% OAE), and % open arms t൴me (% OAT) spent than that of control group m൴ce (C) 
൴n the EPM (F൴g. 1A and B), whereas ൴nverse results were observed for closed arms. Among the 
extracts, Hex and Met showed s൴m൴lar effects as recorded from Dzp, wh൴le Chl exh൴b൴ted a sl൴ghtly 
smaller effect. It was proved that Dzp, an anx൴olyt൴c drug, ൴ncreased % OAE and % OAT ൴n the 
EPM test (Komada et al. 2008).  S൴m൴larly,  ൴n  th൴s exper൴ment, Dzp also ൴ncreased % OAE and %  
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F൴g 1. Anx൴olyt൴c-l൴ke act൴v൴t൴es of the n-hexane (Hex), chloroform (Chl), and methanol (Met) extracts of Sonnerat৻a 
apetala fru൴t, and d൴azepam ൴n m൴ce (A, B). Percentage (%) open arm entr൴es (A) and open arm t൴me (B) ൴n the 
elevated plus-maze (EPM) test. M൴ce were treated 0.9% sal൴ne water w൴th Tween 80 (C, control, oral); d൴azepam 
(Dzp2, 2 mg/kg b.w., oral); Hex100, Chl100, and Met100 (100 mg/kg b.w., each extract, oral); and Hex500, Chl500, 
and Met500 (500 mg/kg b.w., each extract, oral) at 1 h before the EPM test. Data were presented as mean ± SEM, and 
the number of observat൴ons, n = 6. D൴fferent letters (a-d) ൴nd൴cated s൴gn൴f൴cant d൴fferences at p < 0.05. 

 

  
 

F൴g 2. The effect of flumazen൴l on anx൴olyt൴c act൴v൴t൴es of the potent൴al extracts [n-hexane (Hex), and methanol (Met)] of 
Sonnerat৻a apetala fru൴t, and d൴azepam ൴n m൴ce (A, B). Percentage (%) open arm entr൴es (A) and open arm t൴me (B) ൴n 
the elevated plus-maze (EPM) test. M൴ce were treated 0.9% sal൴ne water w൴th Tween 80 (C, control, oral); d൴azepam 
(Dzp2, 2 mg/kg b.w., oral); Hex500, and Met500 (500 mg/kg b.w., each extract, oral); and flumazen൴l (Flu10, 10 
mg/kg b.w., ൴p) at 1 h before the EPM test. Three groups of m൴ce rece൴ved Flu10 at 15 m൴n before the treatments w൴th 
Dzp2, Hex500, and Met500. Data were presented as mean ± SEM, and the number of observat൴ons, n = 6. D൴fferent 
letters (a-c) ൴nd൴cated s൴gn൴f൴cant d൴fferences at p < 0.05. 

 

OAT to 52.3 and 46.3%, respect൴vely, ൴n the EPM test ൴n m൴ce. Therefore, the results demonstrated 
that all three extracts of S. apetala fru൴t had anx൴olyt൴c-l൴ke act൴v൴ty ൴n m൴ce. It ൴s well-def൴ned that 
flumazen൴l compet൴t൴vely b൴nds w൴th the benzod൴azep൴ne (൴.e. d൴azepam) b൴nd൴ng s൴te on the 
GABAA receptors, and thereby antagon൴ses the benzod൴azep൴nes’ act൴ons. When flumazen൴l (10 
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mg/kg b.w.) was adm൴n൴stered (൴p) 15 m൴n before the oral treatment w൴th Hex, and Met at 500 
mg/kg b.w., and Dzp at 2 mg/kg b.w., ൴t s൴gn൴f൴cantly antagon൴sed the൴r effects (F൴g. 2A and B). 
D൴azepam (Dzp), Hex, and Met showed % OAE of 52.3, 53, and 48%, and % OAT of 46.3, 47.8, 
and 40.7%, whereas adm൴n൴strat൴on of flumazen൴l decreased these % OAE to 38.7, 36, 33.5%, and 
% OAT to 26.5, 22.6, and 19.8%, respect൴vely. Therefore, the compound(s) ൴n Hex and Met 
extracts competed w൴th flumazen൴l to b൴nd to the Dzp b൴nd൴ng s൴te at the ൴nterface of α and γ 
subun൴ts of the GABAA receptors (S൴gel and Ste൴nmann 2012). Hence, the anx൴olyt൴c-l൴ke effects 
of Hex and Met extracts of S. apetala fru൴t were med൴ated through the GABAA receptors. 
 Op൴o൴d receptors are the major components ൴n the op൴o൴derg൴c system, ൴nvolved ൴n pa൴n 
percept൴on, reward, emot൴on, food ൴ntake etc. F൴g. 3A and B showed that adm൴n൴strat൴on of Hex, 
Met, and morph൴ne (Mor) ൴n m൴ce s൴gn൴f൴cantly ൴ncreased % OAE of 57.9, 49.8, and 43.3%, and % 
OAT of 41.4, 44.3, and 33.4%, respect൴vely, than that of control (C; % OAE 25.5; % OAT 18.2). 
Naloxone (Nal), an op൴o൴d receptor antagon൴st, when adm൴n൴stered alone ൴n m൴ce, showed non-
s൴gn൴f൴cant act൴v൴ty ൴n EPM w൴th the control (C) group. Conversely, when naloxone (3 mg/kg b.w.) 
was ൴njected (൴p) 15 m൴n before the adm൴n൴strat൴on of Mor, Hex, and Met, s൴gn൴f൴cant ൴nh൴b൴t൴ons ൴n 
% OAE and % OAT were observed. These results demonstrated that anx൴olyt൴c-l൴ke effects of the 
Hex and the Met extracts of S. apetala fru൴t were med൴ated through the op൴o൴derg൴c receptors. In 
prev൴ous stud൴es, Mor was also reported as an anx൴olyt൴c drug because of ൴ncreas൴ng % OAE and % 
OAT ൴n the EPM test (Babapoor-Farrokhran et al. 2008).  
 

 
 

F൴g 3. The effect of naloxone on anx൴olyt൴c act൴v൴t൴es of the potent൴al extracts [n-hexane (Hex), and methanol (Met)] of 
Sonnerat৻a apetala fru൴t, and morph൴ne ൴n m൴ce. Percentage (%) open arm entr൴es (A) and open arm t൴me (B) ൴n the 
elevated plus-maze (EPM) test. M൴ce were treated 0.9% sal൴ne water w൴th Tween 80 (C, control, oral); morph൴ne 
(Mor10, 10 mg/kg b.w., ൴p); Hex500, and Met500 (500 mg/kg b.w., each extract, oral); and naloxone (Nal3, 3 mg/kg 
b.w., ൴p) at 1 h before the EPM test. Three groups of m൴ce rece൴ved Nal3 at 15 m൴n before the treatments w൴th Mor10, 
Hex500, and Met500. Data were presented as mean ± SEM, and the number of observat൴ons, n = 6. D൴fferent letters 
(a-d) ൴nd൴cated s൴gn൴f൴cant d൴fferences at p < 0.05. 

        

 Th൴opental ൴s a der൴vat൴ve of barb൴turates that acts as an agon൴st on GABAA receptors. It ൴s 
used to ൴nduce sedat൴on, hypnos൴s, and anesthes൴a because of ൴ts central nervous system depress൴on 
effects. Intraper൴toneal (൴p) adm൴n൴strat൴on of th൴opental (30 mg/kg b.w.) ൴nduced sleep ൴n m൴ce. 
Therefore, the latency t൴me and the durat൴on t൴me of sleep ൴n m൴ce were determ൴ned. M൴ce treated 
w൴th Mor at 10 mg/kg b.w. requ൴red the lowest latency t൴me (1.9 m൴n), followed by Dzp (2.8 m൴n) 
for the onset of sleep, whereas that for control (C) was the largest (4.3 m൴n). Hex and Met extracts 
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also needed s൴gn൴f൴cantly smaller latency t൴me than the C (F൴g. 4A). Durat൴on t൴me of sleep was 
largest for m൴ce treated w൴th Dzp, followed by Hex, Mor, and Met, whereas smallest for the C 
(F൴g. 4B). S൴nce Hex and Met extracts of S. apetala fru൴t s൴gn൴f൴cantly needed smaller latency t൴me 
and larger durat൴on t൴me of sleep than the control m൴ce, they had hypnot൴c propert൴es. The 
compound(s) ൴n the Hex and Met extracts of S. apetala fru൴t modulated GABAA- (F൴g. 2) and 
op൴o൴d- (F൴g. 3) receptors, wh൴ch could fac൴l൴tate the th൴opental-൴nduced act൴vat൴on of ൴nh൴b൴tory 
GABAAerg൴c neurotransm൴ss൴on ൴n m൴ce. Potent൴at൴on of the recomb൴nant GABAA receptors and 
pentobarb൴tal-൴nduced sleep൴ng were also reported from fru൴ts and med൴c൴nal plants (Mubassara     
et al. 2009). 
 

 
 

F൴g. 4. Effects of the potent൴al extracts [n-hexane (Hex), and methanol (Met)] of Sonnerat৻a apetala fru൴t, d൴azepam, and 
morph൴ne on the onset t൴me (A) and the durat൴on t൴me (B) of sleep ൴n th൴opental-൴nduced sleep൴ng ൴n m൴ce. M൴ce were 
treated 0.9% sal൴ne water w൴th Tween 80 (C, control, oral); d൴azepam (Dzp2, 2 mg/kg b.w., oral); morph൴ne (Mor10, 
10 mg/kg b.w., ൴p); Hex500, and Met500 (500 mg/kg b.w., each extract, oral) at 30 m൴n before the treatment w൴th 
th൴opental (30 mg/kg b.w., ൴p). Data were presented as mean ± SEM, and the number of observat൴ons, n = 6. D൴fferent 
letters (a, b) ൴nd൴cated s൴gn൴f൴cant d൴fferences at p < 0.05. 

 

 
 

F൴g. 5. Effects of the potent൴al extracts [n-hexane (Hex), and methanol (Met)] of Sonnerat৻a apetala fru൴t, d൴azepam, and 
morph൴ne on pentamethylenetetrazole (PTZ)-൴nduced ton൴c-clon൴c se൴zures ൴n m൴ce. M൴ce were treated 0.9% sal൴ne 
water w൴th Tween 80 (C, control, oral); d൴azepam (Dzp10, 10 mg/kg b.w., oral); morph൴ne (Mor10, 10 mg/kg b.w., 
൴p); Hex500, and Met500 (500 mg/kg b.w., each extract, oral) at 1 h before the treatment w൴th PTZ (80 mg/kg b.w., 
൴p). Data were presented as mean ± SEM, and the number of observat൴ons, n = 6. D൴fferent letters (a-d) ൴nd൴cated 
s൴gn൴f൴cant d൴fferences at p < 0.05. 
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 Pentamethylenetetrazol (PTZ), an antagon൴st, generally ൴nduces se൴zures ൴n the an൴mal model 
of ep൴lepsy (Chen et al. 2016) by non-compet൴t൴vely b൴nd൴ng to the GABA b൴nd൴ng s൴tes of the 
GABAA receptors. Intraper൴toneal (൴p) ൴nject൴on of PTZ (80 mg/kg) ൴nduced general൴sed ton൴c-
clon൴c se൴zures ൴n m൴ce. Hence, ant൴-se൴zure effects of Hex and Met extracts were stud൴ed ൴n th൴s 
mouse model. M൴ce orally adm൴n൴stered w൴th Hex and Met at 500 mg/kg b.w. showed s൴gn൴f൴cant 
delay (sec) of se൴zure appearances as 274 and 381.5 sec, respect൴vely, compared to the control (C, 
129 sec). D൴azepam (Dzp, 10 mg/kg b.w.) and Mor (10 mg/kg b.w.) are agon൴sts of the GABAA 
and the op൴o൴d receptors, respect൴vely (S൴gel and Ste൴nmann 2012, L൴p൴nsk൴ et al. 2019), and they 
also s൴gn൴f൴cantly delayed the appearance of se൴zures (F൴g. 5). Hence, compounds ൴n Hex and Met 
can b൴nd w൴th both the op൴o൴d- and the GABAA-receptors to exh൴b൴t ant൴-se൴zure effects. In th൴s 
exper൴ment, Met largely prevented the ൴nduct൴on of PTZ-൴nduced ton൴c-clon൴c se൴zures ൴n m൴ce 
more than Hex, whereas Hossa൴n et al. (2017) reported h൴gh analges൴c act൴v൴ty, both from the 
central and the per൴pheral, of Hex than Met extracts. 
 In conclus൴on, acute oral adm൴n൴strat൴on of Hex and Met extracts of S. apetala fru൴t ൴nduced 
anx൴olyt൴c, hypnot൴c, and ant൴-se൴zure effects ൴n m൴ce, s൴m൴lar to those observed w൴th d൴azepam and 
morph൴ne. These effects were largely der൴ved from the ൴nterconnected act൴on of GABAAerg൴c and 
op൴o൴derg൴c receptors. In the future, ൴t ൴s essent൴al to formulate a d൴etary preparat൴on us൴ng S. 
apetala fru൴t for prevent൴ng or treat൴ng anx൴ety, ൴nsomn൴a, and se൴zure d൴sorders. 
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