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A B S T R A C T

Antidepr essan t-like effects of medium-chain fatty acid-c ontaining dietary oil wer e exam- 

ined by using mice forced to sw im. This stress loading induce d features typical for depr es- 

sion such as depr essiv e symptoms and decreased the ratio of phospho rylated (p)

extr ace llular sig nal-re gulated kinases (ERK)1/2 to ERK 1/2 in the hippocampus, demons tr at- 

ing that our anima l model pre pared in mice was compara ble to the general models using 

rats. Test diets containing structured med ium- and long-chain triac ylglycero ls (MLCTs)

and/or long-chain triac ylglycero ls (LCTs) as test oils and tap water wer e giv en freel y duri ng 

the stress period. Conseq uently , the intake of MLCTs resulted in a signi ficant reduction in 

the immobility time in the forced sw im test. Moreo ver , the ratio of pERK1/2 to ERK1/2 in the 

hippocampus was signi ficantly higher in mi ce fed the MLCT diet than in those fed the LCT 

one. These results are the first evidence sho wing that MLCTs ha ve a pre venti ve effect 

against forced swimming -induced depr essio n-like symptoms.

� 2013 Else vier Ltd. All rights reserv ed.

1. Intro duction 

De press ion is a kind of mood disor der , and an illness with 

lasting emotional and ph ysical manife stations (Nestler

et al., 2002). Dep ress ion ad ve rsely affect s a patient’s quality 

of life by causing deterior ation in diet and ph ysical activ ity;

and the costs for tr eatment of depr ession ar e very huge in 

de ve loped countries (Gr eenber g et al., 2003 ), demonstr ating 

that de press ion is a serious pro ble m for not onl y patient s

but also health car e cost. Since patients with dep ress ion are 

no w incre asing in num ber in Jap an due to str essful social cir -

cumstance s suc h as the ongoing econom ic recession, certain 

counterme asur es ag ainst dep ress ion are ur gently needed.

Suc h patient s could gre atly reduce their symptoms if the y

could pro tect themse lves against de press ion thro ugh their 

dail y diet.

Mec hanisms under lyin g the onset of dep ress ion and the 

intra cellular factors subsequ ently re gulati ng depr ession-like 

beha viour are still lar gely unkno wn. Extr acellular signal-r egu- 

lated kinases 1/2 (ERK1/2), members of the mitogen-acti va ted 

kinase (MAPK) famil y, are ke y molecules in man y signal tran s- 

duction pathw ays suc h as the Ras/MAP K pathw ay, which is 

triggered by recep tor tyro sine kinases. The activ ity of ERK1/ 

2 has recentl y been conside red to be in vo lv ed in the mec ha- 

nisms givi ng rise to dep ress ion symptom s (Duman, Sc hle- 

singer , Kodama, Russell, & Duman, 2007; Gourle y et al.,

2008; Qi et al., 2009). We recentl y found that medium-c hain 

fatty acids (MCFAs) and their meth yl or eth yl esters facilitate 

the phosphor ylation of ERK1/2 in neur ons culture d fro m

embr yo nic rat bra in, and sho wed that 2-decenoic acid eth yl 

ester: {(E)-ethyl dec-2-enoat e} (DAEE) has the most potent 

activ ity of the compound s tested (Makin o et al., 2010 ).
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Further mor e, we found out that intra peritoneall y adminis- 

ter ed DAEE acts like an antide press ant drug, significantly pre -

venting or being ther apeutic ag ainst de press ion. Namel y,

DAEE prote cted ag ainst the de press ion and anxiety symptoms 

when administer ed intra peritoneall y to the mice once a da y

for 3 weeks sim ultaneousl y with the mild chro nic str ess load- 

ing, or impr oved quic kly these symptoms when administ ered 

after stre ss loading (Makino et al., unpub lished results ).

MCF As, composed of chains of 8 to 10 carbon atoms, are 

found in edib le oils suc h as cocon ut oil. Compar ed with 

long-c hain fatty acids (LCFAs), MCF As ha ve se ve ral unique 

ph ysiological and biological char acteristic s, and are utilized 

to pre vent obesity and se ver al lifestyle-r elated disease s (Bach

& Ba ba yan, 1982). Pre viously , we de ve loped medium- and 

long-c hain fatty acid-con taining dietar y oils (MLCTs), whic h

ar e lipids ran domly structur ed with LCF As and MCF As in the 

same gl ycerol molecule (Negishi, Shir asa wa, Ar ai, Suzuki, &

Mukatak a, 2003). When long-c hain triac ylgl ycer ols (LCTs) in 

the dail y diet are replac ed by MLCTs in human and rat 

studies, the accum ulation of bod y fat is significantly lo wer 

(Kasai et al., 2003; Matsuo & Takeuc hi, 2004; Shinohar a,

Oga wa, Kasai, & Ao ya ma, 2005).

To eval uate antide pre ssant-like effects of these functiona l

oils, MLCTs, we compar ed the effects of MLCTs with those of 

LCTs on mice with de press ion induced by chr onic for ced 

swimmi ng. Our results sho wed that MLCTs significantly alle- 

viated the de press ion symptom s and incr eased the le ve ls of 

phospho ryla ted ERK1/2 in the hippoc ampus, when compar ed 

with LCTs.

2. Ma ter ials and methods 

2.1. Materials 

Canola oil as LCTs, and MLCTs as randoml y inter -esterified

triac ylgl ycer ols containing MCF As and LCF As in the same 

gl ycerol molecule , were obtained fro m Nisshin OilliO , Ltd. (To- 

kyo , Japan ) and used as the contr ol and test oils, respe ctiv ely .

Canola oil contained 5.2% palmitic acid, 2.1% stearic acid,

61.8% oleic acid, 19.6% linoleic acid, 7.3% linolenic acid, and 

4.0% other fatty acids. MLCTs contained 8.7% octanoic acid,

2.8% decanoic acid, 3.7% palmitic acid, 1.7% stearic acid,

52.7% oleic acid, 18.2% linoleic acid, 9.5% linolenic acid, and 

2.7% other fatty acids. Fatty acid composit ion is expre ssed 

as a weight per centa ge of the total amount of fatty acids 

measur ed.

2.2. Animals and diets 

Six-w eek-old male ddY mice were pur chase d from Japan SLC 

(Hamamatsu, Japan). The ddY str ain is an outbr ed one, and 

has been maintain ed as a closed colon y. Mice of the str ain 

sho w good repr oducti ve perform ance and superior gro wth.

In Ja pan, this stra in has been widel y used for va rious fields

of resea rches. The mice were divi ded into 2 gro ups (n = 5–6)

and housed under conditions of contr olled temper atur e (21–

23 �C), humidity (55–65%), and lighting (lights on fro m 08:00 

to 20:00) and fed a commer cial standar d diet (Labo MR stoc k,

Nihon Nosan, Toky o, Japan ) with tap water freel y avai lab le.

All animal experim ents were carried out accor ding to the 

Guideline for Car e and Use of La bora tory Animals of Gifu 

Pharmaceutica l Univ ersity . To eva luate the effect of the test 

oils, we formu lated the experim ental diets accor ding to the 

AIN-93G diet (Ree ve s, Nielsen, & Fahe y, 1993 ), whic h was 

modified to contai n sucr ose at 40 g/kg of diet and pre gelati- 

nized instead of dextrinize d cornstar ch, and containe d 7%

LCTs or MLCTs as test oils. The diets were man ufactur ed as 

cho w and were giv en fre ely together with tap water .

2.3. Str ess-loading pr ocedur e and for ced swimming test 
(FST)

The model mice with de press ion-like symptom s wer e pre- 

pare d by exposur e to stre ss caused by chro nic for ced swim- 

ming. The pro cedur e used was a modification of that 

origi nall y report ed by Qi, Lin, Li, Pan, and Wang (2006) and 

Qi et al. (2008), who used rats. Briefly, mice were placed indi- 

viduall y into 5 L pol yprop ylene beakers (height 27 cm, diame- 

ter 27 cm) filled with 4 L of water (25 ± 1 �C) and ke pt ther e for 

6 min. Eac h mouse was for ced to swim indi viduall y for 6 min 

once a da y for 14 consecu tiv e da ys. A mouse was judged to be 

immobile when it floated in an upright position, and made 

only small mo veme nts to keep its head ab ove water . The 

dura tion of immob ility was recor ded during the last 4 min 

of the 6 min testing period.

2.4. Elevated plus maze test (EPMT)

After the mice had been str essed as describe d abo ve , the y

wer e subjecte d to a modified ve rsion of EPMT described pre vi- 

ously (Walf & Fr ye , 2007 ). The experimen tal appara tus for this 

test was shaped like a ‘‘plus’’ sign and consisted of a centra l

platform (6 · 6 cm), 2 open arms (30 · 6 cm), and 2 equal-s ized 

closed arms (30 · 6 · 10 cm) opposit e to eac h other . The maze 

was made of wood and ele va ted to a height of 62 cm abo ve the 

floor. The test consisted of placing a mouse in the centra l

platform facing an open arm and allo wing it to freel y explor e

the maze for 5 min. Anxiol ytic acti vity was indicated by an in- 

crease in the time spent in the open arms; and anxiety , by a

decre ase in this measur ement. Additionall y, the nu mber of 

entries into both the closed and open arms was recor ded as 

an indicator of locomotor activ ity of the animals in this test.

2.5. Tissue dissection and pr ocessing 

Mice were sacrificed 48 h after the end of the chr onic force d

swim stre ss, and their bra ins were rapidl y rem ove d and 

placed on ice. The entir e hippoc ampus was dissecte d fr om 

the br ain, and homogenized in ly sis buffer {20 mM Tris–HCl

buffer (pH 7.4) contai ning 150 mM NaCl, 2 mM EDT A, 1% NP- 

40, 50 mM NaF , 0.1% sodium dodec yl sulphate (SDS), 1% Na 

deoxyc holate , 1 mM Na 3VO4, 1 mM phen ylmeth ylsulphon yl 

fluoride and 10 lg/ml apr otinin and leupe ptin} used at 20 

times the vo lume of the tissue . The pro tein content of lysate s

was determine d by using a BC A pro tein assa y kit (Pieace Bio- 

tec hnology Inc., Roc kfor d, IL, USA). Lysates were mixed with 

SDS solution for electr ophor esis. All the sample solutio ns 

wer e stor ed at �20 �C until used.
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