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ABSTRACT 

THE EFFECTS OF GOJI BERRY (LYCIUM BARBARUM L.) FRUITS ON 

ANXIETY, DEPRESSION, AND MEMORY 

MSC THESIS 

KADİR SAĞLAM 

ABANT IZZET BAYSAL UNIVERSITY GRADUATE SCHOOL OF 

NATURAL AND APPLIED SCIENCES 

DEPARTMENT OF BIOLOGY 

(SUPERVISOR: ASSIST. PROF. DR. FATMA PEHLİVAN KARAKAŞ ) 

(CO-SUPERVISOR: PROF. DR. HAMİT COŞKUN) 

BOLU, JUNE 2015 

 

Some plant species have been used as herbal medicine and functional food for 

the thousand years. One of these plants is Lycium barbarum L. (Goji berry) that 

belongs to the family Solanaceae. It can nourish liver and kidney, brighten eyes. The 

aim was to investigate how the behaviors, such as anxiety, depression and learning 

would be affected by methanol extract of L. barbarum fruits. In the present study, the 

effects of the methanol extract obtained from Lycium barbarum fruits on anxiety, 

depression-like behaviors, and spatial memory in Wistar albino rats were tested. A 

total of twenty eight adult rats were selected and randomly divided into the four 

experimental groups [I. control-male (n=7), II. L. barbarum administration-male 

(n=7), III. control-female (n=7) and IV. L. barbarum administration-female (n=7)]. 

The rats were tested by a means of the open field and elevated plus maze tests for 

anxiety-like behaviors, the forced swim test for depression-like behaviors, and the 

Morris water maze test for spatial memory. The findings of the present experiment 

demonstrated that in the open field, the methanol extract of L. barbarum fruits 

administrated rats spent more time at the center, showed more mobility and velocity 

than control ones. In the elevated plus maze, the methanol extract of L. barbarum 

fruits administrated rats spent more time in the open arms, spent less time in the 

closed arms, showed more mobility and velocity. In Porsolt test, the methanol extract 

of L. barbarum fruits administrated rats showed less immobility (helplessness). In 

the Morris water maze, the methanol extract of L. barbarum fruits administrated rats 

spent more of the time to find the platform. However, females were better at finding 

to the platform than males. In conclusion, the methanol extract of L. barbarum fruits 

decrease anxiety and depression-like behaviors. On the other hand, the methanol 

extract of L. barbarum fruits interacted with sex on spatial memory. 

 

 

 

 

 

 

 

KEYWORDS: Lycium barbarum (goji berry), Anxiety, Depression, Spatial 

memory, Wistar Albino Rat (Rattus rattus) 
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ÖZET 

KURT ÜZÜMÜ (LYCIUM BARBARUM) MEYVESİNİN ANKSİYETE, 

DEPRESYON VE HAFIZA ÜZERİNE OLAN ETKİLERİ 

YÜKSEK LISANS TEZI 

KADİR SAĞLAM 

ABANT İZZET BAYSAL ÜNİVERSİTESİ FEN BİLİMLERİ ENSTİTÜSÜ 

BİYOLOJİ ANABİLİM DALI 

(TEZ DANIŞMANI: YARD. DOÇ. DR. FATMA PEHLİVAN KARAKAŞ) 

(İKİNCİ DANIŞMAN: PROF. DR. HAMİT COŞKUN) 

BOLU, HAZİRAN - 2015 

 

Bazı bitkiler binlerce yıldan beri bitkisel ilaç ve besin kaynağı olarak 

kullanılmaktadır. Bu bitkilerden biri olan Lycium barbarum (Goji berry) bitkisinin 

Solanaceae familyasına ait olduğu, göze parlaklık verdiği, karaciğeri ve böbrekleri 

beslediği bilinmektedir. Çalışmanın amacı L. barbarum meyvesinden elde edilen 

metanol özünün, anksiyete, depresyon ve öğrenme gibi davranışlar üzerine nasıl bir 

etkisinin olduğunun incelenmesidir. Bu çalışmada L. barbarum meyvesinin metanol 

özütünün anksiyete, depresyon ve öğrenme üzerine olan etkileri Wistar Albino 

sıçanlar üzerinde test edilmiştir. I. Kontrol erkek (n=7), II. L. barbarum uygulanan 

erkek (n=7), III. kontrol dişi (n=7), IV. L. barbarum uygulanan dişi (n=7) olmak 

üzere toplam 24 yetişkin sıçan rastgele seçilerek dört gruba ayrılmıştır. Deney 

hayvanlarına; anksiyete için açık alan ve yükseltilmiş artı labirent testi; depresyon 

için zorunlu yüzme testi ve öğrenme için ise Morris su havuzu testi uygulanmıştır.  

Yapılan çalışmanın bulguları; açık alanda L. barbarum meyvesinin metanol özütü 

uygulanan deneklerin kontrol koşuluna göre merkezde daha fazla zaman 

geçirdiklerini, daha hareketli ve daha hızlı olduklarını göstermiştir. Yükseltilmiş artı 

labirentte L. barbarum meyvesinin metanol özütü uygulanan deneklerin kontrol 

koşuluna göre açık kolda daha fazla, daha hızlı ve daha hareketli oldukları kapalı 

kolda daha az zaman geçirdikleri gözlemlenmiştir. Porsolt testinde L. barbarum 

meyvesinin metanol özütü uygulanan deneklerin kontrol koşuluna göre daha az 

çaresizlik göstermektedir. Morris su testinde ise L. barbarum meyvesinin metanol 

özütü uygulanan denekler kontrol koşuluna göre platformu daha uzun sürede 

bulmuşlardır. Bununla birlikte dişiler erkeklere göre platformu daha kolay 

bulmaktadır. Çalışmanın sonuçlarına göre L. barbarum meyvesinin metanol özütü 

anksiyete ve depresyon belirtilerini düşürmektedir. Öte yandan L. barbarum 

meyvesinin metanol özütü uzaysal öğrenme üzerinde cinsiyet ile ortak etki 

göstermektedir.  

 

 

 

 

 

 

ANAHTAR KELİMELER: Lycium barbarum (Goji berry), Anksiyete, Depresyon, 

Uzaysal hafıza, Wistar Albino Sıçan (Rattus rattus) 
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1. INTRODUCTION 

1.1 Goji Berry 

Human beigns have used many plants for feeding, drinking, treatment, cleaning 

and other situations for thousand years. One of the these plants is Lycium barbarum 

L.(also known as, goji berry, wolf berry) that is a perennial, deciduous shrub growing 

in northwest China and the Mediterranean region. It grows fastly and has a deep, 

well-developed root system which is tolerant to drought and cold and has extensive 

adaptability (Chang and So, 2008; Chen et al., 2004). Colour of L. barbarum fruit is 

orange-red. Taste of L. barbarum fruits are sweet and L. barbarum fruits are 

harvested in late summer–early autumn and sun-dried. L. barbarum is a member of 

the Solanaceae family which includes peppers, potatoes, tomatoes and eggplants. L. 

barbarum can nourish brighten eyes, liver and kidney, reduce serum lipids and blood 

glucose, reduce senescing, immuno-modulate, and male fertility-facilitate (Gan and 

Zhang, 2003). It has been used as a customary Chinese functional food and herbal 

medicine for approximately 2500 years (Shi et al., 1997). L. barbarum plays 

important role in China economy, with the fruits (Gouqiziin Chinese) having high 

contents of L. barbarum polysaccharides (LBP), carotenoids and flavonoids (Wang 

et al., 2010; Yao et al., 2011). For other substances, L barbarum includes alkaloids, 

vitamins, trace elements amino acids, and fat. Previous studies have showed useful 

effects of L. barbarum related to aging, general wellbeing, neuroprotection, 

metabolism/energy expenditure, immunomodulation, glaucoma, cytoprotection, 

fatigue/endurance, anti-tumor effects, diabetic control and anti-oxidant activity, 

(Amagase and Farnsworth, 2011; Amagase and Nance, 2008; Bensky and Gamble, 

1993; Bryan et al., 2008; Chang and But, 2001; Chen et al., 2012, Potterat, 2010; 

Zhu, 1998). L. barbarum extract prevented glutamate toxicity, proposing that it 

might decelerate dementia progression (Ho et al., 2009). L. barbarum extract also 

prevented homocysteine toxicity, a risk factor, for Alzheimer’s disease (Ho et al., 

2010). Flavonoids which are the active ingredients of L. barbarum can make easy 

cough, reduce cholesterol in blood, expand coronary artery, and scavenge free radical 
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effect (Dong et al., 2009; Qian, 2004; Wang et al., 2010). Different Lycium species 

fruits have complicated herb formulae in traditional medicines, in a 6–18 g/100 g 

ratio as dried material. On the upshot of decoction, scientific references define 5–15 

g/100 mL of goji, equal to 25–120 g of fresh fruits (Amagase and Farnsworth, 2011; 

Amagase et al., 2009; Anonymous, 2010). Researchers set a advised amount/volume 

of 30 mL of decoction four times in every day (total 120 mL/day), which is equal to 

approximately 150 g of fresh fruits (Ionica et al., 2012; Potterat, 2010). Recent 

studies also have demonstrated that many of the world’s longest living people eat L. 

barbarum fruit on a daily basis, suggesting it may be one of the world’s most strong 

anti-aging foods (Yu et al., 2005). 

 

Figure 1.1. Dried fruits of L. barbarum 

1.1.1 Botany 

Approximately 70 species of Lycium are growed in separate and distincted 

areas spread in temperate to subtropical parts of South America, North America, 

Australia, southern Africa, and Eurasia (Bryan et al., 2008, Fukuda et al., 2001). L. 

barbarum grows up to 3 m high, that has green-gray leaves are lanceolate, alternate 
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and progressively narrow to the petiole. L barbarum has 1 to 3 axillary, radical 

flowers. Colour of the goji berry flower is violet or purple with a 5-lobed margin 

(PDR, 2007). L. barbarum fruit is 3–8 mm in diameter, 6–20 mm in length, orange to 

dark red (Japanese Pharmacopoeia, 2006). L. barbarum naturally plants in Asia, 

largely in northwest China (Bensky and Gamble, 1993; PDR, 2007; Wu, 2005; Zhu, 

1998). L. barbarum fruits are harvested in the late summer and early autumn (PDR, 

2007; Zhu, 1998). 

1.1.2 Chemical Contents and Biological Activities of L. barbarum 

L. barbaum is used as a traditional functional food and herbal medicine. For 

supporting these traditional particularities, previous researches have specified that 

one important extract from L. barbarum fruit, namely polysaccharides (LBP) 

including effects on anti-aging, increased metabolism, neuroprotection effects, 

diabetics control, anti-fatigue, anti-oxidant activities, anti-cancer effects and 

cytoprotection properties (Bensky and Gamble, 1993; Bryan et al., 2008; Chang and 

But, 2001; Potterat, 2010; Zhu, 1998). 

 Nowadays, fruits of L. barbarum are known as “superfruits” with very rich 

nutrient contents (Endes et al., 2015; Song and Xu, 2013). It plays as an important 

role in enhancing of vision, age-related diseases (atherosclerosis, neurodegeneration 

and diabetes) and prevention of aging, boosting immune system and prevention of 

cancer development (Chang and So, 2008; Gan et al., 2003; Ha et al., 2005; Song 

and Xu, 2013). These beneficial effects have been attributed to the presence of high 

amount of polysaccharides (LPB), flavonoids (myricetin, quercetin, kaempferol and 

rutin), phenolic acids (chlorogenic acid, p-coumaric acid and caffeic acid) (Potterat, 

2010) and carotenoids (e.i. β-carotene, zeaxanthin) (Endes et al., 2015). The fruits of 

L. barbarum also included essential oil (i.e. linoleic acid, hexadecanoic acid, myristic 

acid, β-elemene and ethylhexadecanoate) (Potterat, 2010), vitamins (A, B and C), 

amino acids, elements (K, P, Ca, Mg, Fe, and Na) and betaine (Endes et al., 2015).  

The antioxidant activity of L. barbarum was found to be related to phenolic 

compounds and β-carotene (Qian et al., 2004; Song and Xu, 2013). The β-carotene 

also accounts for the large portion of carotenoid in L. barbarum (Liu et al., 2008; 
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Song and Xu, 2013). Other antioxidants present naturally in L. barbarum are 

flavonoids, polyphenols, lignans, including tannins, and some other simple phenolic 

compounds (Song and Xu, 2013). The LBPs (23 % of extract) show quantitatively 

the most significant part of components in the fruit of L. barbarum. The betaine that 

is an alkaloid from L. barbarum fruits provides to decrease anxiety, increases spatial 

memory, supports muscle growth and guard against fatty liver diseases (Song et al., 

2008; Song and Xu, 2013). Many significant biochemical processes lean upon 

methylation, including the metabolism of DNA, lipids, and neurotransmitters 

(Stampfer and Malinow, 1995). It is well known that methylation capability of 

human body decreases with age, therefore the decline of methylation causes to the 

aging process. The betaine alkaloid addition, hence, provides prevention utility 

against the aging process (Zhu et al., 1998). 

1.2 Anxiety 

Anxiety, an unpleasant emotional/psychological and physiological state, that 

produce life threating results in response to stress factors. Anxiety disorders state a 

public health problem with a time of life prevalence of 16.6 % (Somers et al., 2006) 

and in the pediatric populations, the prevalence of anxiety disorders generally ranged 

from 5 to 18% (Ramsawh et al., 2010). 

1.3 Depression 

Depression is the most common psychological problem in today world. It is a 

state of low mood and unwillingness to activity that can negatively affect a person's 

thoughts, feelings and/or sense of general well-being, and some conducts (i.e., social 

behaviors, learning behaviors, and etc.). The widespread presence of depression in 

population range from 17 to 20 % with major outcomes for society (Kessler et al., 

1994) and possible event of depression episode at any age from childhood to elderly. 

Depressive disorders are defined by behavioral, psychological and physiological 

changes, anhedonia and guilt, bearing feelings of hopelessness, suicidal opinion, 

distortion of appetite and sleep as well as cognitive function (Cryan et al., 2002). 
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1.4 Spatial Memory 

Spatial memory is an essential portion of our ability to identify our 

environment and its spatial orientation. Human spatial memory system is just like an 

animal memory system in a way that a person's spatial memory is required to 

navigate around a knowing city, all of a piece a rat's spatial memory is needed to 

learn the location of food at the end of a maze. Navigation behaviors include 

different cognitive strategies as well as biologically interacting brain structures 

(McDonald and White, 1994; Packard and McGaugh, 1996). The spatial learning 

performance of rodents is also affected by cue salience, emotional status, hormonal 

profile, biological sex, and training level (Chang and Gold, 2004; Hawley et al., 

2011; Hawley et al., 2012; Hawley et al., 2013; Kanit et al., 2000, Korol et al., 2004; 

Wingard and Packard, 2008). 
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2. OBJECTIVES 

The purpose of the present study was to investigate how anxiety, depression 

and learning are affected by the methanol extract of L. barbarum fruits. Some studies 

have suggested the effects of L. barbarum fruits on anti-aging, neuroprotection, 

metabolism/energy expenditure, well-being, fatigue, diabetic control, anti-oxidant 

activity, immune system modulation, anti-cancer properties, glaucoma and 

cytoprotection. But effects the methanol extract of L. barbarum fruits on anxiety, 

depression and memory has not been investigated yet to best of our knowledge in the 

literature. If L. barbarum fruits are beneficial to such various health parameters, it is 

reasonable that it should also have anti-anxiety and anti-depressant outcomes. From 

this standpoint, one can speculate that the subjects being received L. barbarum fruits 

should have less anxiety and depression than those with control one. However, no 

controlled research has been conducted on humans because of some ethical concerns 

and application difficulties. Therefore a controlled research is needed for 

illuminating the effects of L. barbarum fruits on anxiety, depression, and learning 

performance as well as illuminating underlying mechanisms of it.  This study was 

carried out with male and female albino rats. We also investigated whether or not 

gender modulates the effect of the methanol extract of L. barbarum fruits on anxiety, 

depression, and spatial learning performance. To test these issues mentioned above, 

the animals were tested by elevated plus maze and open field tests for anxiety-like 

behavior, forced swim test for depression and Morris water maze test for spatial 

memory. 
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3. MATERIALS AND METHODS 

3.1 Plant Material and Extract Preparation 

The dried fruits of L. barbarum were bought from herbal store in Bolu / 

TURKEY. The dried fruits of L. barbarum were grinded with grinding machine. The 

powdered 30 g fruits were extracted with 300 ml methanol (MeOH) in water bath at 

40 ºC for 16-24 hours (see Figure 3.1.) and then filtered (see Figure 3.2.). The 

methanol is commonly used solvent because it is effective polar modifier 

(Hamburger et al., 2004). Then extraction solvents were evaporated under low 

pressure at a temperature not higher than 40 °C using rotary evaporator machine (see 

Figure 3.3.). The MeOH in extraction solvent was evaporeted and concentrated 

successfuly and sticky extract of L. barbarum were obtained in plastic tube (see 

Figure 3.4.). Following process then 1 gr extract of L. barbarum were mixed with 

1000 ml water completely so methanol (MeOH) extract of L. barbarum 1 mg/ml 

(1000 ppm) solution was prepared in daily during to experiment (see Figure 3.5.). 

 

Figure 3.1. Water bath 
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Figure 3.2. Filtration apparatus 

 

Figure 3.3. Rotary evaporatory 

 



9 

 

 

Figure 3.4. The methanol extract of L. barbarum 

 

Figure 3.5. The methanol extract of L. barbarum 1 mg/ml (1000 ppm) 

solution 
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3.2 Animal Care 

In this study, adult male and female Wistar albino rats (200 – 250 g) were 

obtained from the Abant Izzet Baysal University Animal Research Center (see figure 

3.6). The Wistar albino rats were preserved in plastic cages (16x31x42 cm) with pine 

shavings used as bedding. Water and food pellets were reachable ad libitum. All 

cages exposed to 200 lux light. All lighting that controlled by automatic 

programmable timers was provided by the cool-white fluorescent tubes. Ambient 

temperatures in the animal facilities were held constant at 22 ± 2 °C in air-ventilated 

rooms. The procedures in this study were carried out in conformity with the Animal 

Scientific procedure and approved by the Institutional Animal Care and Use 

Committee.  

 

Figure 3.6. Wistar albino rat 
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3.3 Experimental Protocol 

In the present study, a total of twenty eight adult rats were selected and 

randomly divided into the four experimental groups [I. control-male (n=7), II. L. 

barbarum administration-male (n=7), III. control-female (n=7) and IV. L. barbarum 

administration-female (n=7)]. The methanol extract of L. barbarum 1 mg/ml (1000 

ppm) solution were diluted with a fresh drinking water daily and were applied every 

day at ad libitum between 14 - 16 h starting from the 1st day to the end (30 days) of 

the experiment. In control group, animals were applied with the same quantity of the 

fresh drinking water to obtain the same stress conditions with the experiments groups 

(see experimental protocol). Anxiety-like behavior, depression-like behavior, and 

spatial memory of Wistar albino rats were measured by a means of open field, 

elevated plus maze, force swimming and Morris water maze test, respectively. 
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3.4 Open Field 

The open field has been the most widely used test in animal psychology. The 

Open-field test is occured in 80 cm × 80 cm arena with 40 cm high walls. For this 

test, rats were put into a plain and illuminated set and their attitude is mostly 

appertained as a basic index of whole behavior. The anxiety-like behavior of animals 

was recorded on video for 5 minutes in this test. In this study, a video camera (Gkb 

CC-28905S, Commat LTD.ŞTİ. Ankara/Turkey) was affixed upper the set, recording 

behavior into the Ethovision videotracking system (Noldus Ethovision, Version 6, 

Netherland; Commat LTD.ŞTİ. Ankara/Turkey) that ensured a variation of 

behavioral measures with the inclusion of total distance travelled, time spent in the 

edge, entrance frequency to the edge, time spent in the center, entrance frequency to 

the center, velocity and mobility among the different areas of the platform (see 

Figure 3.7.).  

 

Figure 3.7. Open field apparatus and Ethovision video tracking system 
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3.5 Elevated Plus Maze 

The elevated plus maze has been used test in animal psychology The elevated 

plus maze consisted of the two closed, covered by 41 cm tall black Plexiglas, and 

two open 10 cm wide arms in a plus-sign configuration 55 cm off the floor. All arms 

were enclosed with contact paper to forestall the animals from sliding off. Each 

animal was put into one of the closed arms and allowed to move freely on the 

elevated plus maze. Testing period was 5-min that was recorded from above the 

elevated plus maze. In this study, a video camera (Gkb CC-28905S, Commat 

LTD.ŞTİ. Ankara/Turkey) was affixed upper the set, recording behavior into the 

Ethovision videotracking system (Noldus Ethovision, Version 6, Netherland; 

Commat LTD.ŞTİ. Ankara/Turkey) for total distance travelled, time spent in the 

open arm, time spent in the closed arms, entrance frequency in the closed arms, 

entrance frequency in the open arm, mobility duration, and velocity. The rats were 

conceived to have entered an arm when all four paws crossed onto the arm (see 

Figure 3.8.). 

 

 

Figure 3.8. Elevated plus maze and Ethovision video tracking system 
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3.6 Forced Swim Test (Porsolt) 

The Forced Swim Test (Porsolt) has been used test in animal psychology to 

appraise depressive- like symptons. The animals were put into porsolt which consist 

of an opaque cylinder tank (24 cm diameter, 53 cm height) (see Figure 3.9.) which 

was filled with 17 cm deep water kept at 28 °C. Swimming behavior was recorded on 

video for 5 minutes. In this experiment a video camera (Gkb CC-28905S, Commat 

LTD.ŞTİ. Ankara/Turkey) was affixed above the arena, recording behavior into the 

Ethovision video tracking system (Noldus Ethovision, Version 6, Netherland; 

Commat LTD.ŞTİ. Ankara/Turkey) that provided avariety of behavioral measures 

including total distance travelled, mobility time, immobility time, mobility 

frequency, rotation, and velocity. 

 

Figure 3.9. Porsolt Apparatus 

3.7 Morris Water Maze 

The Morris water maze has been used for testing the spatial memory. It is a 

circular, galvanized steel maze (60 cm in depth and 1,5 m in diameter) (see Figure 

3.10.). Water was filled into the Morris water maze until 40 cm deep and kept at 28 

°C. The Morris water maze tank was rendered opaque by the addition of a non-toxic, 

water soluble dye. The Morris water maze tank was established in a wide quiet test 

room, enclosed by some visual cues external to the maze (e.g. the experimenter, 

lights, pictures, rack, ceiling etc.). The cues can be seen from within the maze and 
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could be used by the rats for spatial orientation. The cues were maintained same 

location throughout the period of testing. A video camera mounted to the ceiling over 

the center of the Morris water maze was used for monitoring and recording 

movements of the rats. 

 There were the four equally divided quadrants in the pool. In one of the 

quadrants, a platform (10 cm in diameter, 2.0 cm below water surface) was dipped 

and mounted. The animals executed the four trials per day for the four consecutive 

days (16 trials). In the swimming trials, each individual rat was affranchised kindly 

into the water at a chosen quadrant except for the one that contained the hidden 

platform for facing an extra maze cue. The rat swam and learned how to find the 

hidden platform within 60 s. The escape latency which is the time elapsed before the 

rat reached the platform in each trial, is a measure of acquisition of spatial 

navigation. After reaching, the rat was allowed to stay on the platform for 15 s and 

was then taken back into the cage. During the inter-trial intervals, animals were kept 

in a dry home cage for 60 s. 

The video camera recordings were got on the fifth day of the experiment. The 

rat had to swim until it climbed onto the platform submerged underneath the water. 

The location of platform was fixed in the same position relative to the distal cues. 

The time to reach the platform (latency in seconds) and time passed in the correct 

quadrant, total distance travelled, total entry to the correct quadrant, velocity, and 

immobility duration were measured as the parameters of the spatial memory.  

In this study a video camera (Gkb CC-28905S, Commat LTD.ŞTİ. 

Ankara/Turkey) was mounted above the arena, recording behavior into the 

Ethovision videotracking system (Noldus Ethovision, Version 6, Netherland; 

Commat LTD.ŞTİ. Ankara/Turkey) that provided assortment of behavioral measures 

including total distance travelled, time spent in the center, time spent in the edge, 

total entrance frequency in the center, total entrance frequency in the edge, and 

immobility among the different areas of the arena. All animals were then returned to 

the reproduction and exhibition colonies. 



17 

 

 

 

Figure 3.10. Morris water maze and Ethovision video tracking system 

3.8 Statistical Analyses 

In the study, data were analyzed using SPSS (SPSS Statistical Software, 

SPSS Inc., Los Angeles, CA, USA, Ver. 22.0). Data were analyzed by 2 treatment 

(treatment and control) X 2 sex (female and male) ANOVA analysis with the 

between subject design. Values were considered statistically significant at p ≤ 0.05. 

Data are presented as MEAN ± SEM after back transforming from ANOVA results. 
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4. RESULTS AND DISCUSSIONS 

4.1 RESULTS 

4.1.1 Open Field Measurements 

4.1.1.1 Total Distance Travelled on the Open Field (TDT) 

The main effect of sex was significant on the total distance travelled in the 

open field, F (1, 50) = 23.14, p = 0.0001, ɳ
2
 = 0.34. Females (M = 2337.15) travelled 

more distance than males (M = 1858.82). This means that females were less anxious 

than males. 

The main effect of treatment was significant on the total distance travelled in 

the open field, F (1, 50) = 6.96, p = 0.01, ɳ
2
 = 0.12. The subject in the treatment (M = 

2229.13) condition more travelled than control (M = 1966.84) condition. This means 

that the subject in treatment condition was less anxious than subject in control 

condition (see Figure 4.1.). 
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Figure 4.1. Mean (S.E.M.) total amount distance travelled (TDT). Dotted 

striated bar represents applied the methanol extract of L. barbarum (n:14); Right 

striated bar represents control condition (n:14). Mean-values with the same letters 

within vertical columns are not significantly different ( p > 0.05). 

4.1.1.2 Time Spent at the Edge of the Open Field (TSEO) 

The main effect of treatment was significant on the time spent at the edge of 

the open field, F (1, 50) = 4.35, p = 0.04, ɳ
2
 = 0.08. 

Subject in the treatment (M = 4.56) condition spent less time at the edge of 

open field than control (M = 4.68) condition. This means that the subject in treatment 

condition was less anxious than subject in control condition (see Figure 4.2.). 
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Figure 4.2. Mean (S.E.M.) time spent at the edge of the open field (TSEO). 

Mean-values with the same letters within vertical columns are not significantly 

different (p>0.05). 

4.1.1.3 Total Entry to the Edge of the Open Field (EFEO) 

The main effect of treatment was significant on the entrance frequency to the 

edge of open field, F (1, 52) = 3.73, p = 0.059, ɳ
2
 = 0.07. 

Subject in the treatment (M = 8.50) condition more frequently to enter the 

edge of open field than control (M = 6.27) condition. This means that the subject in 

treatment condition was more anxious than subject in control condition. 

An interaction effect between sex and treatment was significant, F (1, 52) = 

3.73, p = 0.059, ɳ
2
 = 0.007. As can be seen in graph; females were more anxious in 

treatment condition (M = 9.57) than control condition (M = 5.14) but males had the 

same level of anxiety in both treatment (M = 7.43) and control (M = 7.43) condition 

(see Figure 4.3.). 
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Figure 4.3. Mean (S.E.M.) the frequency of entries to the edge in the open 

field (EFCO). Mean-values with the same letters within vertical columns are not 

significantly different (p>0.05). 

4.1.1.4 Time Spent at the Center of the Open Field (TSCO) 

The main effect of treatment was significant on the time spent at the center of 

the open field, F (1, 50) = 4.35, p = 0.04, ɳ
2
 = 0.08. 

Subject in the treatment (M = 0.44) condition spent more time at the center of 

open field than control (M = 0.32) condition. This means that the subject in treatment 

condition was less anxious than subject in control condition (see Figure 4.4.). 
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Figure 4.4. Mean (S.E.M.) time spent at the center of the open field (TSCO). 

Mean-values with the same letters within vertical columns are not significantly 

different (p>0.05). 

4.1.1.5 Total Entry to the Center of the Open Field (EFCO) 

The main effect of treatment was significant on the entrance frequency to the 

center of open field, F (1, 52) = 3.98, p = 0.051, ɳ
2
 = 0.071. 

Subject in the treatment (M = 8.14) condition more frequently to enter the 

center of open field than control (M = 5.93) condition. This means that the subject in 

treatment condition was less anxious than subject in control condition (see Figure 

4.5.). 

 TSCO

T
im

e
 s

p
e

n
t 

a
t 

th
e

 c
e

n
te

r 
o

f 
th

e
 o

p
e

n
 f

ie
ld

 (
m

in
)

0,0

0,2

0,4

0,6

0,8

 control     treatment  control     treatment

male female

a

b

a

b



23 

 

 

Figure 4.5. Mean (S.E.M.) the frequency of entries to the center in the open 

field (EFCO). Mean-values with the same letters within vertical columns are not 

significantly different (p>0.05). 

4.1.1.6 Mobility in Open Field (MT) 

The main effect of sex was significant on the mobility in the open field, F (1, 

50) = 8.67, p = 0.05, ɳ
2 
= 0.15. 

Males (M = 4.999) were more mobile than females (M = 4.996). This means 

that males were less anxious than females. 

The main effect of treatment was significant on the mobility in the open field, 

F (1, 50) = 5.94, p = 0.02, ɳ
2
 = 0.11. 

Subject in the treatment (M = 4.998) condition was more mobile than control 

(M = 4.996) condition. This means that the subject in treatment condition was less 

anxious than subject in control condition (see Table 4.1.). 
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Table 4.1. The mobility scores of treatment and control groups in open field. 

Sex Control Treatment 

Male 4.998 ± 0.004ab 5.000 ± 0.00a 

Female 4.997 ± 0.005b 4.998 ± 0.004b 

Mean-values with the same letters are not significantly different (p>0.05). 

4.1.1.7 Velocity in Open Field (VEL) 

The main effect of sex was significant on the velocity in the open field, F (1, 

50) = 8.67, p = 0.05, ɳ
2 
= 0.15. 

Males (M = 371.97) showed less velocity than females (M = 468.08). This 

means that males were more anxious than females. 

 The main effect of treatment was significant on the velocity in the open field, 

F (1, 50) = 6.85, p = 0.01, ɳ
2
 = 0.12. 

Subject in the treatment (M = 446.05) showed more velocity than control (M 

= 394.01) condition. This means that the subject in treatment condition was less 

anxious than subject in control condition (see Figure 4.6.) 
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Figure 4.6. Mean (S.E.M.) the velocity of the subjects in the open field 

(VEL). Mean-values with the same letters within vertical columns are not 

significantly different (p>0.05). 

4.1.2 Elevated Plus Maze Measurements 

4.1.2.1 Total Distance Travelled on the Elevated Plus Maze (TDT) 

The main effect of sex was significant on the total distance travelled in the 

elevated plus maze, F (1, 50) = 45.09, p = 0.0001, ɳ
2
 = 0.47. 

Females (M = 1162.28) travelled more distance than males (M = 842.65). 

This means that females were less anxious than males (see Figure 4.7.) 
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Figure 4.7. Mean (S.E.M.) Total distance travelled on the elevated arm maze 

(TDT). Mean-values with the same letters within vertical columns are not 

significantly different (p>0.05). 

4.1.2.2 Time Spent in Closed Arms (TSCA) 

The main effect of treatment was significant on the time spent in closed arms, 

F (1, 50) = 10.55, p = 0.002, ɳ
2
 = 0.17. 

Subject in the treatment (M = 3.68) condition spent less time in closed arms 

than control (M = 4.33) condition. This means that the subject in treatment condition 

was less anxious than subject in control condition (see Figure 4.8.). 
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Figure 4.8. Mean (S.E.M.) Time spent in the closed arms on the elevated plus 

maze (TSCA). Mean-values with the same letters within vertical columns are not 

significantly different (p>0.05). 

4.1.2.3 Total Entry to Closed Arms (EFCA) 

The main effect of sex was significant on the entrance frequency to the closed 

arms, F (1, 50) = 17.83, p = 0.0001, ɳ
2
 = 0.26. 

Females (M = 7.36) travelled more frequently to enter the closed arms than 

males (M = 5.35). This means that females were more anxious than males. 

The main effect of treatment was significant on the entrance frequency to the 

closed arms, F (1, 50) = 7.15, p = 0.01, ɳ
2
 = 0.13. 

Subject in the treatment (M = 6.99) condition more frequently to enter the 

closed arms than control (M = 5.71) condition. This means that the subject in 

treatment condition was more anxious than subject in control condition. 
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An interaction effect between sex and treatment was significant, F (1, 50) = 

12.77, p = 0.001, ɳ
2
 = 0.20. As can be seen in graph; males were more anxious in 

treatment condition (M = 6.83) than control condition (M = 3.86) but females were 

less anxious in treatment (M = 7.14) than those in control (M = 7.57) condition (see 

Figure 4.9.). 

 

Figure 4.9. Mean (S.E.M.) Total entry to closed arms on the elevated plus 

maze (EFCA). Mean-values with the same letters within vertical columns are not 

significantly different (p>0.05). 

4.1.2.4 Time Spent in Open Arm (TSOA) 

The main effect of treatment was significant on the time spent in open arm, F 

(1, 50) = 10.55, p = 0.002, ɳ
2
 = 0.17. 

Subject in the treatment (M = 1.33) condition spent more time in open arm 

than control (M = 0.67) condition. This means that the subject in treatment condition 

was less anxious than subject in control condition (see Figure 4.10.). 
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Figure 4.10. Mean (S.E.M.) Time spent in the open arm on the elevated plus 

maze (TSOA). Mean-values with the same letters within vertical columns are not 

significantly different (p>0.05). 

4.1.2.5 Total Entry to Open Arm (EFOA) 

The main effect of sex was significant on the entrance frequency to the open 

arm, F (1, 50) = 22.01, p = 0.0001, ɳ
2
 = 0.31. 

Females (M =7.29) travelled more frequently to enter the open arm than 

males (M = 4.94). This means that females were less anxious than males. 

An interaction effect between sex and treatment was significant, F (1, 50) = 

9.15, p = 0.004, ɳ
2
 = 0.16. As can be seen in graph; males were less anxious in 

treatment condition (M = 6.17) than control condition (M = 3.71) but females had the 

same level of anxiety in both treatment (M = 7.00) and control (M = 7.57) (see 

Figure 4.11.). 
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Figure 4.11. Mean (S.E.M.) Total entry to open arm on the elevated plus 

maze (EFOA). Mean-values with the same letters within vertical columns are not 

significantly different (p>0.05). 

4.1.2.6 Mobility in Elevated Plus Maze (MT) 

The main effect of sex was significant on the mobility, F (1, 50) = 5.72, p = 

0.02, ɳ
2
 = 0.10. 

Females (M = 4.986) were less mobile than males (M = 4.990). This means 

that females were more anxious than males. 

An interaction effect between sex and treatment was significant, F (1, 50) = 

4.76, p = 0.03, ɳ
2
 = 0.09. As can be seen in graph; males were less anxious in 

treatment condition (M = 4.989) than control condition (M = 4.992) but females had 

the same level of anxiety in both treatment (M = 4.989) and control (M = 4.984) (see 

Table 4.2.). 
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Table 4.2. The mobility scores of treatment and control groups in elevated 

plus maze. 

Sex Control Treatment 

Male 4.993 ± 0.005a 4.988 ± 0.007ab 

Female 4.984 ± 0.011b 4.989 ± 0.004ab 

Mean-values with the same letters are not significantly different (p>0.05). 

4.1.2.7 Velocity in Elevated Plus Maze (VEL) 

The main effect of sex was significant on the velocity, F (1, 50) = 45.10, p = 

0.0001, ɳ
2
 = 0.47. 

Males (M = 169.07) showed less velocity than females (M = 233.29). This 

means that males were more anxious than females (see Figure 4.12.). 
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Figure 4.12. Mean (S.E.M.) Velocity in elevated plus maze (VEL). Mean-

values with the same letters within vertical columns are not significantly different 

(p>0.05). 

4.1.3 Forced Swim Test (Porsolt) Measurements 

4.1.3.1 Total Distance Travelled on the Porsolt (TDT) 

The main effect of treatment was significant on the total distance travelled, F 

(1, 24) = 39.48, p = 0.0001, ɳ
2
 = 0.62. 

Subject in the treatment (M = 1878.34) condition more travelled than control 

(M = 1237.67) condition. This means that the subject in treatment condition was less 

depressive than subject in control condition (see Figure 4.13.). 
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Figure 4.13. Mean (S.E.M.) Total distance travelled on the porsolt (TDT). 

Mean-values with the same letters within vertical columns are not significantly 

different (p>0.05). 

4.1.3.2 Immobility (IT) 

The main effect of treatment was significant on the immobility, F (1, 24) = 

37.45, p = 0.0001, ɳ
2
 = 0.61. 

Subject in the treatment (M = 0.78) condition were less immobile than control 

(M = 1.51) condition. This means that the subject in treatment condition was less 

depressive than subject in control condition (see Figure 4.14.). 

 

Figure 4.14. Mean (S.E.M.) Immobility duration on the porsolt (IT). Mean-

values with the same letters within vertical columns are not significantly different 

(p>0.05). 
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4.1.3.3 Mobility (MOB) 

The main effect of treatment was significant on the mobility, F (1, 24) = 

26.56, p = 0.0001 ɳ
2
 = 0.53. 

Subject in the treatment (M = 3.78) condition were more mobile than control 

(M = 2.91) condition. This means that the subject in treatment condition was less 

depressive than subject in control condition (see Figure 4.15.). 

 

Figure 4.15. Mean (S.E.M.) Mobility duration on the porsolt (MOB). Mean-

values with the same letters within vertical columns are not significantly different 

(p>0.05). 

4.1.3.4 Velocity (VEL) 

The main effect of sex was significant on the velocity, F (1, 50) = 8.52, p = 

0.005, ɳ
2
 = 0.15. 
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Females (M = 455.91) showed more velocity than males (M = 506.45). This 

means that females were less depressive than males. 

The main effect of treatment was significant on the velocity, F (1, 50) = 4.05, 

p = 0.05, ɳ
2
 = 0.08.  

Subject in the treatment (M = 448.22) condition showed more velocity than 

control (M = 414.13) condition. This means that the subject in treatment condition 

was less depressive than subject in control condition (see Figure 4.16.). 

 

Figure 4.16. Mean (S.E.M.) Velocity on the porsolt (VEL). Mean-values 

with the same letters within vertical columns are not significantly different (p>0.05). 
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4.1.4 Water Maze Measurements 

4.1.4.1 Total Distance Travelled (TDT) 

No significant effects related to the treatment condition and as well as the 

interaction effect between treatment and sex were found to be significant at p > 0.05. 

4.1.4.2 Time Spent to Find the Platform (TSFP) 

No significant effects related to the treatment condition and as well as the 

interaction effect between treatment and sex were found to be significant at p > 0.05.  

4.1.4.3 Time Spent in the Correct Quadrant (TSCQ) 

No significant effects related to the treatment condition and as well as the 

interaction effect between treatment and sex were found to be significant at p > 0.05. 

4.1.4.4 Entrance Frequently to the Correct Quadrant (EFCQ) 

No significant effects related to the treatment condition and as well as the 

interaction effect between treatment and sex were found to be significant at p> 0.05. 

4.1.4.5 Immobility (IT) 

An interaction effect between sex and treatment was significant, F (1, 50) = 

4.06, p = 0.05, ɳ
2
 = 0.8. As can be seen in graph; females were less immobile in 

treatment condition (M = 0.099) than control condition (M = 0.221) but males were 

more immobile in treatment condition (M = 0.123) than control condition (M = 

0.040) (see Figure 4.17.). 
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Figure 4.17. Mean (S.E.M.) Immobility on the water maze (IT). Mean-values 

with the same letters within vertical columns are not significantly different (p>0.05). 

4.1.4.6 Velocity on the Water Maze (VEL) 

The main effect of sex was significant on the velocity, F (1, 50) = 4.40, p = 

0.04, ɳ
2
 = 0.08. 

Males (M = 1679.65) showed more velocity than females (M = 1515.39). 

The main effect of treatment was significant on the velocity in the open field, 

F (1, 50) = 8.88, p = 0.004, ɳ
2
 = 0.15. 

Subject in the treatment (M = 1714.18) condition were faster than control (M 

=1480.85) condition (see Figure 4.18.). 
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Figure 4.18. Mean (S.E.M.) Velocity on the water maze (VEL). Mean-values 

with the same letters within vertical columns are not significantly different (p>0.05). 

4.2 DISCUSSION 

4.2.1 Anxiety-Like Behaviours 

The open field measures the anxiety like behaviors (i.e. the time spent in the 

center of the open field versus time spent at the edge of the open field, mobility and 

so on) in rodents (Benabid et al., 2008; Pyter and Nelson, 2006). In this test, if the 

level of anxiety of the animal is high, for instance the total distance traveled, 

mobility and velocity are decreasing and the number of the entries to the edge of the 

open field is increasing.  

In open field and elevated plus maze tests L. barbarum reduces anxiety. In 

the present study it was found that in the open field, the subjects in the treatment of 
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L. barbarum administration; a) travelled more distance in open field, b) spent more 

time at the edge of the open field, c) spent more time at the center of the open field,  

d) were less frequently to enter edge of the open field, e) were more frequently to 

enter center of the open field, f) showed more mobility; and e) showed more velocity 

than those in the control condition.  

The elevated plus maze has been used test to measure the anxiety like 

behaviors (Dawson and Tricklebank, 1995). For this maze, if the level of anxiety of 

the animal is high, the total distance traveled, mobility and velocity are decreasing 

and the number of the entries to closed arms is increasing. In the present study, it was 

found that in the elevated plus maze, the subjects in the high treatment of L. 

barabarum administration; a) spent more time in the open arms, b) spent less time in 

the closed arms, c) were more mobile d) were more frequently to enter the closed 

arms than those in the control condition. 

In this study, the findings of the present study, in general, showed that in both 

open field and elevated plus maze, L. barbarum reduced level of anxiety. This 

finding was consistent with the previous research finding indicating that LBP-

standardized juice reduced level of anxiety (Amagase, H. and Nance, D. M., 2008). 

In their study, Amagase and Nance (2008) led subjects to orally consume L. 

barbarum fruit in a form of LBP-standardized juice by healthy adults for 14 days. 

They measured body weight, body–mass index, blood pressure, pulse rate, and visual 

acuity for before and after study. It was stated that LBP-standardized juice not only 

reduced level of anxiety but also reduced feelings of fatigue, backache, stress, 

weakness, headache, impaired concentration, unreasonable worry, shortness of 

breath, (Amagase, H. and Nance, D. M., 2008). But in present study, the methanol 

extract of L. barbarum was applied to Wistar albino rats for 30 days and used animal 

behavior test (open field and elevated plus maze), whereas in the former study it was 

applied to 14 days. Even though there have been some differences in methodology 

(i.e., days of application), both study showed similar finding: the methanol extract of 

L. barbarum lowered anxiety level. These findings can be explained from at least 

three perspectives. First, since the methanol extract of L. barbarum included 

polysaccharide, this polysaccharide may increase some neurotransmitters such as 

serotonin and melatonin. In other words, polysaccharide may increase the level of 
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serotonin or melatonin, which, in turn, may decrease anxiety. The evidence comes 

from the previous studies indicating that melatonin decrease anxiety levels (Karakas 

et al., 2011). Also, most studies showed that serotonin decreased anxiety levels 

(Parks et al., 1998; Sarnyai et al., 2000). However, in this experiment, the serotonin 

levels of wistar albino rats were not obtained. Therefore the future studies should 

examine this plausible explanation. Second, polysaccharide may stimulate the 

dendrite patterns in hippocampus. There is strong evidence that polysaccharide 

enhanced the network of dendrites in hippocampus that is closely related to emotions 

such as anxiety (Zhang et al., 2012). The other evidence also comes from the study 

on the effects of LBP on the anxiety and space memory in rats who experienced 

posttraumatic stress disorder, indicating that LBP improved the hippocampal neurons 

and prevented the hippocampus volume reduction (Gao et al., 2014). Third, β-

carotene, one of the important components of L. barbarum, may decrease anxiety 

level. There are some evidence for the beneficial effect of β-carotene on anxiety and 

memory. Put it in detail, the betaine that is an alkaloid from L. barbarum fruits were 

found to be effective in decreasing anxiety and increasing memory (Song et al., 

2008; Song and Xu, 2013). Taken together, the future studies should compare the 

effects of LBP with those of β-carotene on anxiety like behaviors. 

This experiment also demonstrated a significant interaction effect between 

sex and treatment on anxiety. This effect means that females outperform males in 

both open and elevated plus maze. For instance, we found that females in contrast to 

males were less anxious in treatment than those in control condition in terms of the 

total entrance to closed arms and the total entrance to the open arm. In short, females 

did get more benefit from the methanol extract of L. barbarum than males. This 

outcome may be due to two factors: selectivity and estradiol effects. According to 

selectivity hypothesis, females tend to process all information in the environment, 

whereas males tend to focus on only what is more important in the environment 

(Meyers- Levy, 1989). Searching for all information may be difficult processes for 

females. The methanol extract of L. barbarum may facilitate the information 

processing and thereby may lower the level of anxiety. Second, estradiol level of 

females may contribute to the low level of anxiety. Even though there is no direct 

support for this explanation, studies on spatial learning showed that estradiol levels 

such as low and high levels may differently affect learning performance of female 
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Wistar albino rats (Wide at al., 2004; Daniel, 2006). The future studies should 

examine the effects of estradiol levels in females with the different levels of the 

methanol extract of L. barbarum. 

4.2.2 Depression-Like Symptoms 

We evaluated the depressive- like responses (learned helplessness) of the 

subjects in forced swim test (Porsolt et al., 1977) consisted of an opaque cylinder 

tank which was filled with water. The total distance travelled, mobile duration, 

immobile duration and velocity are frequently used parameters measured in forced 

swim test in the literature. Completely, the findings from the forced swim test 

showed that the subjects in the treatment condition were less depressive than those in 

the control condition. 

This finding was in line with the previous research finding (Zhang et al., 

2012). In the previous study, Zhang and others (2012) examined the effects of LBP 

on depression in an animal model for two weeks. The results showed that LBP 

application significantly increased the mobility time in Porsolt swimming test, a test 

for the level of depressive behaviors. Even though these two studies showed a similar 

finding that L. barbaum reduces depression-like behavior, the present study is 

different from the previous study in some ways. First in the present study, the 

methanol extract of L. barbarum and water were applied to albino rats for 30 days, 

however, medium dose (40 mg/kg) or severe dose (50 mg/kg) of LBP were applied 

to albino rats for 21 days in previous study. Zhang et al. (2012) explained this 

outcome from the view that LBP may stimulate the dendrite patterns in 

hippocampus. We also speculate that this outcome may be due to the increase in 

levels of melatonin or serotonin which are the two important neurotransmitters in 

reducing the depression levels. Secondly, another plausible factor may be the 

increased level of energy metabolism (Coskun et al., 2012). The methanol extract of 

L. barbarum may increase energy metabolism. We observe that the subjects who 

were exposed to the methanol extract of L. barbarum were more mobile than control 

ones. This observation was also confirmed by the results of the current experiment. 
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4.2.3 Spatial Memory Performance 

Morris water maze is popularly used for spatial memory (Hooge and De 

Deyn, 2001). The goal of the animal by using some cues around the experimental 

zone was to find a hidden platform 2 cm below the water level. Some parameters 

discuss in method section were measured by means of video tracking system.  

In the present study it was found that in the Morris water maze, the subjects 

in the treatment of L. barbarum administration; a) showed more velocity b) less 

immobiled in females but more immobiled in males than control condition. This 

means that the methanol extract of L. barbarum is more beneficial to spatial learning 

than control one and females are better at spatial memory than males. The finding 

that the methanol extract of L. barbarum is more beneficial to spatial learning than 

control one is consistent with a more recent finding (Chen et al., 2014). Chen et al., 

(2014) reported the beneficial effects of LBPs on spatial memory in scopolamine 

(SCO)-treated rats. In previous study, rats were divided into three groups: received 

distilled water and subcutaneous saline; distilled water and SCO; LBPs and SCO for 

28 days and applied morris water maze. But in present study, the methanol extract of 

L. barbarum and water were applied to rats for 30 days. Like the methanol extract of 

L. barbarum in present study, LPB reduced time to find the platform in previous 

study. This effect may be modulated by hippocampus. Chen et al., (2014) 

demonstrated that LBP enhanced cell proliferation in hippocampus. It is well known 

fact that hippocampus may play important role in searching environment and 

navigating in the environment (Ekstrom et al., 2003). The second finding that 

females are better at spatial memory than males are also consistent with the previous 

research findings indicating that females are better at recognizing task than males 

(Sutcliffe et al., 2007). 

There are some limitations in this study. In this experiment only one dose of 

the methanol extract of L. barbarum was applied. Thus the future studies should 

examine the different doses of it (i.e., low, high, or high doses) and application 

methods (gavage, intraperiotonal, or introcerbroventricular). For instance, 

intracebroventricular administration of the methanol extract of L. barbarum into 

hippocampus may prove a more robust evidence for whether or not cell proliferation 
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in hippocampus is evident. Second, the different application duration (i.e., acute an 

one week, two week, three week, and two months daily application of the methanol 

extract of L. barbarum) should be examined in order to see how much it is effective 

and in what ways it is influential.  
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5. CONCLUSION 

The aim of the present study was to examine whether or not the methanol 

extract of L. barbarum is effective in reducing anxiety and depression like behaviors 

and in enhancing spatial learning performance. The present experiment did provide 

for the first time evidence for the beneficial effect of the methanol extract of L. 

barbarum on anxiety and depression like behaviors as well as spatial learning. This 

study also made contribution to the understanding interaction effect between 

treatment and sex on affective behaviors and learning. In particular, females seemed 

to benefit from the methanol extract of L. barbarum more than males on anxiety and 

depression like behaviors as well as spatial learning behavior. 

One should be kept in mind that in general the methanol extract of L. 

barbarum was investigated. However, the methanol extract of L. barbarum includes 

secondary metabolites such as polysaccharide, polyphenols and β-carotene, and etc. 

These secondary metabolites can be separated and isolated from the crude methanol 

extract of L. barbarum and these isolated components of it should be investigated in 

a single research paradigm with the methanol extract of L. barbarum as to 

understand underlying mechanism of it on affective and learning behaviors. In 

conclusion, the findings of this study suggest that the methanol extract of L. 

barbarum decreases the level of anxiety and depression like behaviors and increases 

spatial learning behavior in Wistar albino rats and that females benefit from it more 

than males in these behaviors. 



45 

 

6. REFERENCES 

Amagase H and Nance DM (2008) “A randomized, double-blind, placebo-controlled, 

clinical study of the general effects of a standardized Lycium barbarum (Goji) juice, 

GoChi™”, Journal of Alternative and Complementary Medicine, 14: 403-412. 

 

Amagase H, Sun B, Borek C (2009) “Lycium barbarum (goji) juice improves in vivo 

antioxidant biomarkers in serum of healthy adults”, Nutrition Research, 29:19-25. 

 

Amagase H and Farnsworth NR (2011) “A review of botanical characteristics, 

phytochemistry, clinical relevance in efficacy and safety of Lycium barbarum fruit 

(Goji)”, Food Research International, 44(7):1702-1717. 

 

Anonymous (2010) “Are some of the more exotic berry types, such as goji and acai 

berries, better for health than the more common berries such as strawberries, 

blueberries and raspberries?” Mayo Clinic Health Letter (English Ed.), 28, 8. 

 

Benabid N, Mesfioui A, Ouichou A (2008) “Effects of photoperiod regimenon 

emotional behaviour in two tests for anxiolytic activity in Wistar rat”, Brain 

Research Bulletin, 75:53-59. 

 

Bensky D and Gamble A (1993) Gou Qi Zi. Chinese Herbal Medicine, Materia 

Medica (revised ed). Seattle, Washington: Eastland Press, Inc. 333-334. 

 

Bryan JK, Costa D, Giese N, Nummy K, Rapp C, Seamon E (2008) “Goji (Lycium 

spp) in natural standard monograph”, Natural Standard 

Inc.www.naturalstandard.com.  
 

Chang H M and But PPH (2001) Gouqizi. Pharmacology and Applications of 

Chinese Materia Medica, vol. 2. pp. 852-854, Singapore, World Scientific. 

 

Chang Q and Gold PE (2004) “Inactivation of dorsolateral striatum impairs 

acquisition of response learning in cue-deficient, but not cue-available, conditions”, 

Behavioral Neuroscience, 118(2):383-38. 

 

Chang RC, and So KF (2008) “Use of anti-aging herbal medicine, Lycium barbarum, 

against aging-associated diseases. What do we know so far?” Cellular and Molecular 

Neurobiology, 28, 643-652. 

 

Chen W, Cheng X, Chen J, Yi X, Nie D, Sun X, Qin J, Tian M, Jin G,Zhang X 

(2014) “Lycium barbarum polysaccharides prevent memory and neurogenesis 

impairments in scopolamine-treated rats” PloS one, 9(2):88076. 

 

Chen, JR, Li EQ, Dai CQ, Yu B, Wu XL, Huang CR, Chen XY (2012) “The 

inducible effect of LBP on maturation of dendritic cells and the related immune 

signaling pathways in hepatocellular carcinoma (HCC)”, Current Drug Delivery, 

9(4): 414-420. 



46 

 

 

Chen JY, Zhang ZT, Li YN (2004) “Effects of NaCl stress on betaine, chloroplast 

pigment of leaves chlorophyll fluorescence and of Lycium Barbarum L. Agricultural 

Research in the Arid Areas”, 22:109-114 (in Chinese). 

 

Coskun H, Karakas A, Kaya A (2012) “The effects of weakend phase delay like 

shifts on spatial learning performance of the Wistar rats: the sex and generation 

differences” Biological Rhythms Research, 43(6):689-703. 

 

Cryan JF, Markou A, Lucki I (2002) “Assessing antidepressant activity inrodents: 

recent developments and future needs”, Trends Pharmacological Science, 23:238-

245. 

 

Daniel J M (2006) “Effects of oestrogen on cognition: what have we learned from 

basic research?”, Journal of neuroendocrinology, 18(10): 787-795. 

 

Dawson GR, Tricklebank MD (1995) “Use of the elevated plus maze in the search 

fornovel anxiolytic agents”, Trends Pharmacological Sciences, 16(2):33-36. 

 

Dong JZ, Lu da Y, Wang Y (2009) “Analysis of flavonoids fromleaves of cultivated 

Lycium barbarum L.”, Plant Foods for HumanNutrition 64:199-204. 

 

Ekstrom AD, Kahana MJ, Caplan JB, Fields TA, Isham EA, Newman EL, Fried I 

(2003) “Cellular networks underlying human spatial navigation” Nature, 425, 184-

188 10.1038/nature01964 

 

Endes Z, Uslu N, Özcan MM, Er F (2015) “Physico-chemical properties,fatty acid 

composition and mineral contents of goji berry (Lycium barbarum L.) fruit”, Journal 

of Agroalimentary Processes and Technologies, 21(1):36-40. 

 

Fukuda T, Yokoyama J, Ohashi H (2001) “Phylogeny and biogeography of the genus 

Lycium (Solanaceae): Inferences from chloroplast DNA sequences”, Molecular 

Phylogenetics and Evolution, 19(2):246-258. 

 

Gan L, Zhang SH (2003) “Effect of Lycium barbarum polysaccharides on anti-tumor 

activity and immune function”, Acta Nutrimenta Sinica, 25, pp. 200-202. 

 

Gao J, Can C, Yuan L, Yingyu L, Zaiyun L, He W, Yundong Z, Jianfeng S, Yamin 

W, Liangming L, Ce Y (2014) "Lycium barbarum polysaccharide improves 

traumatic cognition via reversing imbalance of apoptosis/regeneration in 

hippocampal neurons after stress", Life sciences 121:124-134. 

 

Ha KT, Yoon SJ, Choi JY, Kim DW, Kim JK, Kim CH (2005) “Protective effect of 

Lycium Chinese fruit on carbon tetrachloride-induced hepatotoxicity”, J. 

Ethnopharmacol, 96:529-535. 

 

Hamburger M, Baumann D, and Adler S (2004) “Supercritical carbon dioxide 

extraction of selected medicinal plants-Effects of high pressure and added ethanol on 

yield of extracted substances”, Phytochemical Analysis, 15:46-54. 

 



47 

 

Hawley WR, Grissom EM, Barratt HE, Conrad TS, Dohanich GP (2012) “The 

effects of biological sex and gonadal hormones on learning strategy in adult rats”, 

Physiology and Behavior, 105(4):1014-1020. 

 

Hawley WR, Grissom EM, Dohanich GP (2011) “The relationships between trait 

anxiety, place recognition memory, and learning strategy”, Behavioural Brain 

Research, 216(2):525-530. 

 

Hawley WR, Grissom EM, Patel JM, Hodges KS, Dohanich GP (2013) 

"Reactivation of an aversive memory modulates learning strategy preference in male 

rats”, Stress, 16(1):73-86. 

 

Ho YS, Yu MS, Yik SY, So KF, Yuen WH, Chang RCC (2009) “Polysaccharides 

from wolfberry antagonizes glutamate excitotoxicity in rat cortical neurons”, Cell 

Mol Neurobiol, 29:1233-1244. 

 

Ho YS, Yu MS, Yang XF, So KF, Yuen WH, Chang RCC (2010) “Neuroprotective 

effects of polysaccharides from wolfberry, the fruits of Lycium barbarum, against 

homocysteine-induced toxicity in rat cortical neurons”, J Alzheimers Dis , 19:813-

827. 

 

Hooge RD, De Deyn PP (2001) “Applications of the Morris water mazein the study 

of learning and memory”, Brain Research Reviews, 36:60-90. 

Ionica ME, Nour V, Trandafir I (2012) “Polyphenols content and  antioxidant 

capacity of goji fruits (Lycium chinense) as affected by the extraction solvents”, 

South-Western Journal of Horticulture Biology and Environment, 3:121-129. 

Japanese Pharmacopoeia, 2006, LyciumFruit, Lycii Fructus. Official monograph. In 

Japanese Pharmacopoeia ,pp. 1315, (Fifteenth Edition). 

http://jpdb.nihs.go.jp/jp15e/JP15.pdf. 

 

Kanit L, Taskiran D, Yilmaz OA, Balkan B, Demigoren S, Furedy JJ (2000) 

“Sexually dimorphic cognitive style in rats emerges after puberty”, BrainResearch 

Bulletin, 52(4):243-248. 

 

Karakas A, Coskun H, Kaya A, Kücük A, Gündüz B (2011) “The effects of the 

intraamygdalar melatonin injections on the anxiety like behavior and the spatial 

memory performance in male Wistar rats”, Behavioral Brain Research, 222:141-150. 

 

Kessler RC, McGonagle KA, Zhao S, Nelson CB, Hughes M, Eshleman S, Wittchen 

HU, Kendler KS (1994) “Lifetime and 12-month prevalence of DSM-III-R 

psychiatric disorders in the United States”, Results from the National Comorbidity 

Survey, Archives of General Psychiatry, 51:8-19. 

 

Korol DL (2004) “Role of estrogen in balancing contributions from multiple memory 

systems”, Neurobiology of Learning and Memory, 82:309-323. 

 

Liu D, Shi J, Ibarra AC, Kakuda Y, Xue SJ (2008) “The scavenging capacity and 

synergistic effects of lycopene, vitamin E, vitamin C, and β-carotene mixtures on the 



48 

 

DPPH free radical”, LWT Food Sci. Technol. 2008, 41, 1344-1359.Lycium 

barbarum (Goji) juice, GoChi™ in rodents, FASEB Journal, 22:889.17. 

 

McDonald RJ, White NM (1994) “Parallel information processing in the water maze: 

Evidence for independent memory systems involving dorsal striatum and 

hippocampus” Behavioral and Neural Biology, 61(3):260-270. 

 

Meyers-Levy J (1989) “Gender differences in information processing: a selectivity 

Interpretation”, In: Barkow JH. et al., “Cognitive and affective responses to 

advertising”, Lexington (MA): Lexington Books, pp. 219-260. 

 

Packard MG, McGaugh JL (1996) “Inactivation of hippocampus or 

caudatenucleuswith lidocaine differentially affects expression of place and 

responselearning”, Neurobiology Learning and Memory, 65:65-72. 

 

Parks CL, Robinson PS, Sibille E, Shenk T, Toth M (1998) “Increased anxiety of 

mice lacking the serotonin1A receptor”, Proc Natl Acad Sci USA; 95:10734-10739. 

 

PDR (2007) Lycium berries (Go-Qi-Zi) Lycium barbarum. PDR for 

HerbalMedicines, 541-542, Fourth ed. Montvale NJ, Thompson Healthcare Inc. 

polysaccharide-protein complex from Lycium barbarum. Int. Immunopharmacol. 

2004, (4):563-569. 

 

Porsolt RD, LePichon M, Jalfre M (1977) “Depression: a new animal model 

sensitive to antidepressant treatment”, Nature 66:730-732. 

 

Potterat O (2010) “Goji (Lycium barbarum and L. chinense): Phytochemistry, 

pharmacology and safety in the perspective of traditional uses and recent popularity”, 

Planta Med., 76:7-19. 

 

Pyter LM, Nelson RJ (2006) “Enduring effects of photoperiod on affective behaviors 

in Siberian hamsters (Phodopus sungorus)”, Behavioral Neuroscience, 120:125-134. 

 

Qian JY, Liu D, Huang AG (2004) “The efficiency of flavonoids in polar extracts of 

Lycium chinense Mill fruits as free radical scavenger”, Food Chem, 87:283-288. 

 

Ramsawh HJ, Chavira DA, Stein MB (2010) “Burden of anxiety disorders in 

pediatric medical settings.Prevalence, phenomenology and a research agenda”, 

Archieves of Pediatric and Adolescent Medicine, 164(10):965-972. 

 

Sarnyai, Z, Sibille EL, Pavlides C, Fenster RJ, McEwen BS, Tóth M (2000) 

"Impaired hippocampal-dependent learning and functional abnormalities in the 

hippocampus in mice lacking serotonin1A receptors", Proceedings of the National 

Academy of Sciences, 97(26):14731-14736 

 

Shi AY, Jia YX, Dong JW (1997) “The effect of lycium barbarum polysaccharide on 

two-kidney, one-clip hypertension rats”, American Journal of Hypertension, 10: 

165A. 

 



49 

 

Somers J, Goldner E, Waraich P, Hsu L (2006) “Prevalence and incidence studies of 

anxiety disorders: a systematic review of the literature”, Canadian Journal of 

Psychiatry, 51:100-13. 

 

Song Y and Xu B (2013) “Diffusion profiles of health beneficial components from 

Goji berry (Lycium barbarum) marinated in alcohol and their antioxidant capacities 

as affected by alcohol concentration and steeping time, Foods”, 2:32-42. 

 

Song Z, Zhou Z, Deaciuc I, Chen T, McClain CJ (2008) “Inhibition of adiponectin 

production by homocysteine: A potential mechanism for alcoholic liver disease”, 

Hepatology, 47:867-879. 

 

Stampfer MJ and Malinow MR (1995) “Can lowering homocysteine levels reduce 

cardiovascular risk?”, N. Engl. J. Med., 332:328-329. 

 

Sutcliffe SJ, Marshalli MK, Neil CJ (2007) “Influence of gender on working and 

spatial memory in the novel object recognition task in the rat”, Behavioral Brain 

Research, 177:117-125. 

 

Wang C, Chang S, Inbaraj BS, Chen B (2010) “Isolation of carotenoids, 

flavonoidsand polysaccharides from Lycium barbarum L. and evaluation of 

antioxidantactivity”, Food Chem. 120:184-192. 

 

Wide KJ, Hanratty K, Ting J, Galea AML (2004) “High level estradiol impairs and 

low level estradiol facilitates non-spatial working memory”, Behavioral Brain 

Research, 155(1):45-53. 

 

Wingard JC and Packard MG (2008) “The amygdala and emotional modulation of 

competition between cognitive and habit memory”, Behavioural Brain Research, 

193(1):126-131. 

 

Wu JN (2005) Fructus Lycii/Barbary wolfberry fruit in An Illustrated Chinese 

material medica, 402-403. New York, New York: Oxford University Press. 

 

Yao X, Peng Y, Xu LJ, Li L., Wu QL, Xiao PG (2011) “Phytochemical and 

biologicalstudies of Lycium medicinal plants”, Chem. Biodivers. 8:976-1010. 

 

Yu M, Leung S, Lai S, Che C, Zee S, So K, Yuend W, Chang RC (2005) 

“Neuroprotective effects of anti-aging oriental medicine Lycium barbarum against b-

amyloid peptide neurotoxicity”, Experimental Gerontology, 40:716-727. 

 

Zhang E, Yau SY, Lau BWM, Ma H, Lee T, Chang RCC, So KF (2012) "Synaptic 

Plasticity, But Not Hippocampal Neurogenesis,Mediated the Counteractive Effect of 

Wolfberry on Depression in Rats1", Cell transplantation 21(12):2635-2649. 

 

Zhu GH, Yang GW, Chen XG (1998) "Spectrophotometry for determination of 

betaine in Fructus lysii semi-finished drinkables." Chem. Res. Appl 4:433-435. 

 

Zhu YP (1998) Gou Qi Zi, Chinese Materia Medica Chemistry, Pharmacology and 

Applications, 642-646, Amsterdam, Netherlands: Harwood Academic Publishers. 



50 

 

7. CURRICULUM VITAE 

Name SURNAME  : Kadir SAĞLAM  

Place and Date of Birth : Ankara / 27.06.1984  

Universities 

Bachelor's Degree  : Abant Izzet Baysal University, Department of 

Biology 2005-2011 

e-mail    : sincani84@gmail.com  

Address   :Aşağısoku Mah. Bekirler Sok. no:2 

14300/Merkez/BOLU 


