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Anti-obesity interventions, including orlistat and plant-derived products such as cucumber (Cucumis 

sativus) and green tea (Camellia sinensis), promote weight reduction through mechanisms such as 

inhibition of digestive enzymes, appetite suppression, and reduced fat absorption. Despite their 

widespread use, information on their physiological and reproductive effects, particularly when 

administered in combination, remains limited. This study investigated the effects of orlistat (O), 

cucumber extract (C), green tea extract (G), and their combinations (C+O and G+O) on appetite 

regulation, body weight, lipid profile, and reproductive hormones in female Wistar rats. Specifically, 

the study aimed to investigate the effects of administering cucumber extract (C), green tea extract (G), 

orlistat (O), cucumber-orlistat (C+O), and green tea-orlistat (G+O) on: (i) serum leptin concentration; 

(ii) feed intake and body weight; (iii) serum cholesterol and triglyceride concentrations; and (iv) 

reproductive hormones (progesterone and follicle-stimulating hormone [FSH]) and the relationships 

among treatment, body mass index (BMI), estrogen, leptin, progesterone, and FSH in female Wistar 

rats. Data were analyzed using R. Cucumber-treated rats exhibited the lowest body weight, feed intake, 

and serum cholesterol, whereas both cucumber and green tea treatments reduced serum triglyceride 

concentrations. The highest leptin concentrations were observed in the cucumber and cucumber-orlistat 

groups, while progesterone was highest in the green tea-orlistat group, estrogen in the orlistat group, 

and FSH in the cucumber and cucumber-orlistat groups. Statistical analyses revealed that treatment 

significantly affected leptin concentrations, body weight and feed intake, lipid profile, and reproductive 

hormones. Furthermore, estrogen, BMI, treatment, and the period of administration significantly 

explained variation in body weight, leptin, FSH, and progesterone. Principal component analysis 

showed that body weight was positively associated with serum triglycerides but inversely associated 

with leptin, while leptin was negatively associated with serum cholesterol and feed intake. Overall, 

cucumber extract, either alone or in combination with orlistat, showed the greatest potential for 

improving body weight regulation while enhancing leptin and reproductive hormone concentrations. 

However, withdrawal of treatment was associated with a marked rebound in body weight, suggesting 

that the beneficial effects may not be sustained after discontinuation. 
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1.0 INTRODUCTION  

Maintaining a healthy body weight through regular exercise, balanced 

dietary practices, and appropriate pharmacological interventions reduces 

the risk of chronic diseases and improves overall health outcomes (Hauner 

et al., 2011). Consequently, increasing attention has been directed toward 

weight management interventions, including natural products such as 

cucumber (Cucumis sativus L.) and green tea (Camellia sinensis L.), as 

well as commercially available drugs such as Orlistat. Cucumber is low 

calorie food rich in dietary fiber, which may enhance satiety, improve 

digestion, and reduce appetite (Akhtar et al., 2020). Green tea contains 

bioactive compounds, particularly caffeine and catechins, which have been 

reported to enhance energy expenditure, stimulate fat oxidation, and 

increase metabolic rate (NHMRC, 2013; Williams et al., 2013). In contrast, 

Orlistat acts primarily by inhibiting gastrointestinal lipases, thereby 

reducing the hydrolysis and absorption of dietary triglycerides and limiting 

intestinal uptake of free fatty acids and monoglycerides (Zhi et al., 1995). 

However, prolonged inhibition of fat absorption may interfere with the 

uptake of fat soluble vitamins, including vitamins A, D, E, and K (Jain et 

al., 2011). Although these interventions are widely used for weight 

management, evidence suggests that they may also influence other 

physiological processes. Green tea consumption has been associated with 

alterations in reproductive health indices (Kao et al., 2000; Adani et al., 

2013; Das and Karmakar, 2015), whereas Orlistat use has been linked to 

gastrointestinal complications, including abdominal discomfort and anal 

fissures (Hanefeld and Sachse, 2002; Torgerson et al., 2004; O'Meara et 

al., 2004). Despite increasing interest in their weight reducing effects, 

investigations into their broader metabolic, cardiovascular, and 

reproductive consequences remain limited (Khan et al., 2012). Previous 
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studies have largely focused on their efficacy in reducing body weight and 

improving metabolic outcomes (Mak, 2012; Suzuki et al., 2016; Yang et 

al., 2016; Pervin et al., 2018; Musial et al., 2020). The limited 

understanding of the physiological consequences of combining natural and 

pharmacological weight management interventions represents an 

important knowledge gap. Consumers frequently combine plant based 

products with commercially available weight loss medications with the 

expectation of enhanced effects; however, such combinations may produce 

unpredictable interactions affecting lipid metabolism, appetite regulation, 

and endocrine function. This concern is supported by reports from the Food 

and Drug Administration highlighting potential adverse effects associated 

with prolonged Orlistat use, including hepatotoxicity, acute pancreatitis, 

gallstones, and renal failure (George et al., 2020). Similarly, comparatively 

few studies have examined the potential effects of green tea on 

reproductive and cardiovascular health parameters (Khan et al., 2012; Das 

& Karmakar, 2015). Wistar rats are widely used in biomedical research 

because of their manageable size, high reproductive capacity, dietary 

adaptability, and established application in nutritional, toxicological, and 

pharmacological studies (National Research Council, 1995; Delwatta et al., 

2018). They have also been extensively employed for investigating drug 

safety, disease mechanisms, and physiological responses to chemical 

interventions (Andong et al., 2021). 

Therefore, this study aimed to evaluate the effects of cucumber extract, 

green tea extract, Orlistat, and their combinations on appetite regulation, 

body weight, lipid profile, and reproductive hormones in female Wistar 

rats. Specifically, the study investigated the effects of these interventions 

on: (i) serum leptin concentration; (ii) feed intake and body weight; (iii) 

serum cholesterol and triglyceride concentrations; and (iv) reproductive 

hormones, including progesterone and follicle stimulating hormone (FSH), 

as well as the relationships among treatment, body mass index (BMI), 

estrogen, leptin, progesterone, and FSH. 

2.0 MATERIALS AND METHODS 

2.1 Study design 

This study lasted for 2 months, coinciding with the female rats’ estrus 

period (usually 4-5 days from 8-12 weeks of age) (Marcondes et al., 2002).  

It was also in line with the procedures of the National Institute of health 

Guide for the Care and Use of Laboratory Animals (National Research 

Council, 1995; National Research Council, 2011). 

2.2 Sample preparation  

Fresh cucumber (Cucumis sativus L.) fruits and green tea (Camellia 

sinensis L.) leaves were thoroughly rinsed with distilled water, cut into 

small pieces, shade dried to constant weight, and milled into fine powder 

using a JAICO® laboratory blender. The powdered samples were 

separately extracted with distilled water at a ratio of 1:100 (w/v) by 

maceration for 24 h at room temperature with intermittent stirring (Oboh 

et al., 2017). The mixtures were filtered (HAVER® EML 200 Digital Plus 

filtration system) to obtain the aqueous extracts, which were prepared fresh 

before oral administration. For the standard treatment, the contents of one 

Orlistat® capsule (120 mg) were suspended in 10 mL of distilled water to 

obtain a stock suspension of 12 mg/mL. The suspension was mixed 

thoroughly before each administration to ensure uniform dispersion of the 

drug, and the required volume was administered orally according to the 

body weight of each rat. 

2.3 Ethical consideration  

Ethical approval for this study was granted by the Health Research Ethics 

Committee of the University of Nigeria, Nsukka, with institutional 

permission secured from Enugu State University of Science and 

Technology Teaching Hospital for data collection. 

2.4 Sample collection and authentication  

They were provided with high fat rat chow and water ad libitum throughout 

the acclimatization period.  Fresh green tea (Camellia sinensis L.) leaves 

were obtained from the vegetatively propagated fields of the Cocoa 

Research Institute of Nigeria (CRIN) Substation, Kusuku, Mambilla, 

Taraba State, Nigeria. Fresh cucumber (Cucumis sativus L.) fruits were 

purchased from Ogige Market, Nsukka, while Orlistat capsules (120 mg) 

were obtained from a pharmaceutical shop in Nsukka, Enugu State, Nigeria 

(6°51′24″N, 7°23′45″E). The cucumber and green tea samples were 

authenticated by Dr. Felix Nwafor of the Department of Plant Science and 

Biotechnology, University of Nigeria, Nsukka, before use in the study. 

2.5 Experimental animals  

Female Wistar rats (n = 20), weighing approximately 68 g, were obtained 

from the Animal House of the Department of Zoology and Environmental 

Biology, University of Nigeria, Nsukka. The rats were acclimatized for 12 

days under standard laboratory conditions at a room temperature of 

approximately 25 ± 2 °C with a 12 h light:12 h dark photoperiod.  

2.6 Experimental design  

The aqueous cucumber and green tea extracts were lyophilized to obtain 

stable dry extracts for accurate dose preparation. Before administration, the 

lyophilized extracts were reconstituted in distilled water to the required 

concentrations. Orlistat® was not lyophilized because it was supplied as a 

commercially formulated capsule. Instead, the contents of one 120 mg 

capsule were suspended in 10 mL of distilled water to prepare a stock 

suspension (12 mg/mL), which was thoroughly mixed before each 

administration to ensure uniform dispersion. The daily dose for each rat 

was calculated based on its body weight using the formula: Dose (mg) = 

prescribed dose (mg/kg body weight) × body weight (kg). The calculated 

dose was then divided by the concentration of the prepared suspension or 

extract (mg/mL) to obtain the volume (mL) required for oral gavage each 

day. 

Following acclimatization, the rats were randomly assigned to six 

experimental groups, with three biological replicates (three rats) per group 

(n = 3; total = 18 rats). Each rat was housed individually in a separate cage 

to prevent competition for feed and to allow accurate measurement of 

individual feed intake throughout the study. No technical replicates were 

used in the experimental design; each animal represented one independent 

experimental unit. 

The treatment groups were as follows: 

Group 1 (Control): 100 g of feed and water only. 

Group 2 (Cucumber): 100 g of feed, water, and 2 mL cucumber extract. 

Group 3 (Green tea): 100 g of feed, water, and 2 mL green tea extract. 

Group 4 (Orlistat): 100 g of feed, water, and 2 mL Orlistat suspension. 

Group 5 (Cucumber + Orlistat): 100 g of feed, water, 1 mL cucumber 

extract, and 1 mL Orlistat suspension. 

Group 6 (Green tea + Orlistat): 100 g of feed, water, 1 mL green tea extract, 

and 1 mL Orlistat suspension. 

2.7 Assessing feed consumption  

At the end of each 24 h feeding period, the amount of feed remaining in 

the feeding tray and the quantity of feed spilled onto plastic sheets placed 

beneath each cage were collected and weighed. Daily feed intake for each 

rat was calculated using the following equation: 

Feed intake (g/day) = Initial feed provided (g) − [Feed remaining in the 

tray (g) + Feed spilled (g)] 

An initial quantity of 100 g of feed was provided to each rat daily, and the 

calculated feed intake was used for subsequent statistical analyses. 

2.8 Assessing body weight and size  

Body mass and body length of each rat were measured three times per week 

before the morning feeding throughout the experimental period. Body 

mass was determined using a calibrated digital balance, whereas body 

length was measured with a flexible measuring tape from the tip of the nose 

to the base of the tail while the animal was gently restrained. Body 

condition was estimated from the relationship between body mass and 

body length using linear regression analysis, with the residual values 

serving as an index of body condition. 

2.9 Blood collection  

Baseline blood collection was conducted on the first day of extracts 

administration. Collection site was the tail region, which was first sterilized 

with 70% alcohol and punctured with a sterilized lancet before blood 

drawn into heparinized and unheparinized micro hematocrit capillary tubes 

(within 2 minutes of restraint to avoid any physiologic changes in samples) 

(Romero & Reed 2005; Elabarany 2018; Pouadjeu et al. 2023). Blood in 

plain capillary tubes was slanted at room temperature for 15-30 minutes (to 

initiate the clotting process and separate serum from the blood) before 

being centrifuged at 3000 rpm for 10 minutes. The samples were stored at 

-20 ºC in a refrigerator before hormonal assay (leptin, progesterone, 

estrogen, and follicle stimulating hormone). Blood from heparinized tubes, 

on the other hand, was used to measure serum triglycerides and cholesterol 

levels. All blood samples were collected weekly for 12 weeks. 
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2.10 Serum cholesterol and triglyceride analysis 

Serum total cholesterol and triglyceride concentrations were determined 

using a CardioChek® point of care analyzer according to the 

manufacturer's instructions and the procedure described by Morales et al. 

(2020). Blood samples were collected from each rat, and the serum was 

analyzed immediately following separation to determine total cholesterol 

and triglyceride concentrations. 

2.11 Total fecal triglyceride analysis 

Total fecal triglyceride content was determined using a modified Soxhlet 

extraction method as previously described (Thiex et al., 2003; Hopkins et 

al., 2014; Holman et al., 2019; Navratilova et al., 2020; Posridee et al., 

2023). Briefly, fecal samples were oven dried to constant weight, ground 

into a fine powder, and homogenized. Approximately 2 g of each dried 

fecal sample was transferred into an extraction thimble and extracted with 

85 mL of hexane for 3 h using a Soxhlet extraction apparatus. Following 

extraction, the solvent was evaporated, and the extracted samples were 

dried in an oven to remove residual solvent. Total fecal triglyceride content 

was determined gravimetrically by calculating the difference in sample 

weight before and after extraction and was expressed as a percentage of the 

fresh (wet) fecal sample weight (Thiex et al., 2003; Holman et al., 2019). 

2.12 Hormonal analysis  

Serum concentrations of leptin, progesterone, estrogen, and follicle 

stimulating hormone (FSH) were determined using enzyme linked 

immunosorbent assay (ELISA) kits according to the manufacturers' 

instructions. Serum leptin was quantified using a Sandwich ELISA kit 

(Cat. No. ABIN6957435; Limerick, PA, USA). Serum progesterone (Cat. 

No. 55-PROMS-E01), follicle stimulating hormone (FSH; Cat. No. 11-

FSHHU-E01), and estrogen (Cat. No. 55-ESTRT-E01) were quantified 

using ALPCO® mouse/rat ELISA kits specific for each hormone. All 

samples and standards were analyzed in accordance with the 

manufacturers' protocols. The intra assay coefficient of variation (CV) 

obtained in this study was within the manufacturers' specified limit of ≤ 

5% (Turner et al., 2022). Absorbance was measured at 450 nm using a 

Thermo Fisher Scientific® microplate reader (Fisher Scientific, Porto 

Salvado, Portugal), and hormone concentrations were calculated from the 

corresponding standard curves (Andong et al., 2024). 

2.13 Data analysis  

Data were analyzed using R software version 3.2.5 (R Development Core 

Team, 2021; Andong et al., 2023). Data normality was assessed using the 

Shapiro Wilk test, while homogeneity of variances was evaluated using 

Levene’s test before conducting parametric analyses. One way ANOVA 

was used to determine the effects of extract treatments and administration 

periods on serum leptin concentrations, followed by Tukey’s honestly 

significant difference (HSD) test for pairwise comparisons. Multivariate 

analysis of covariance (MANCOVA) was applied to evaluate the effects 

of extracts and leptin on feed intake and body weight, while controlling for 

covariates. MANOVA was used to assess the influence of extracts and 

administration periods on lipid profiles and reproductive hormones, 

including cholesterol, triglycerides, progesterone, and follicle stimulating 

hormone (FSH). Principal component analysis (PCA) was performed to 

identify relationships among treatments, body condition, lipid variables, 

leptin, and reproductive hormones. Statistical significance was set at P < 

0.05. 

3.0 RESULTS 

The control group had a higher mean weight and size (113.1 ± 0.1 and 

165.8 ± 1.1), while the cucumber and its combination with orlistat group 

experience the least weight (85.40 ± 0.5 and 86.00 ± 0.5) than the other 

treated groups. The control group also consumed more feed (95.20 ± 0.6), 

while the cucumber extract group consumed the least (36.60 ± 0.3). The 

control group had lower level of leptin and progesterone (0.19 ± 0.8 and 

1.99 ± 0.2), while combination of cucumber, orlistat and green tea leaves 

had the highest concentration of leptin and progesterone (0.69 ± 0.3 and 

3.02 ± 0.0) (Table 1). The control group also had a higher mean cholesterol 

level (53.50 ± 0.0), while the cucumber treated group accumulated the least 

(29.50 ± 0.8). Fecal triglyceride was higher in green tea and orlistat groups 

(21.40 ± 0.6 and 20.80 ± 0.1). However, blood triglyceride was higher in 

the control group (48.50 ± 0.3), and found to be lowest in green tea and 

cucumber treated groups (28.30 ± 0.3 and 29.70 ± 0.0). For estrogen, it was 

higher in the control and orlistat treated groups (20.94 ± 0.0 and 19.92 ± 

0.1), while FSH was more in the cucumber extract and the extract 

combining cucumber and orlistat (23.78 ± 0.0 and 23.27 ± 0.1) (Table 1). 

Different types of extracts correlated significantly with leptin (p < 0.04), 

while the period of administration did not (p < 0.28). Conversely, in a joint 

interactive effect, leptin concentration correlated with both types of 

extracts at different period of administration (p < 0.01) (Table 2). In 

pairwise analyses, cucumber extract correlated significantly to the extract 

combination cucumber and orlistat (p < 0.05) and the control group (p < 

0.01). In turn, the control group correlated significantly with the extract of 

green tea (p < 0.01), orlistat (p < 0.01), and the extract combination of 

cucumber and orlistat (p < 0.01), green tea and orlistat groups (p < 0.01). 

The blend of green tea leaves and orlistat correlated significantly with 

orlistat extract (p < 0.05) (Table 3).     

Table 1. Information of the high fat feed formulation for rodents  

 Amount (Kg) Amount (%) 

Energy value per 

100 g (Kcal) 

Maize 2.75 17.67 0.125 

Wheat offal 0.25 1.61 0.104 

Fish meal 0.50 3.21 0.444 

Groundnut cake 2.75 17.67 0.105 

Animal fat (lard) -6.25 40.16 0.896 

Palm kernel cake 2.5 16.06 0.862 

Bone meal 0.25 1.16 0 

Methionine 0.125 0.80 0 

Lysine 0.125 0.80 0 

common salt 0.031 0.20 0 

Vitamin premix 0.031 0.20 0 

 

Table 2. Mean feed consumption, weight, size, leptin, cholesterol, triglyceride and hormones of treated female Wistar rats 

Variables     Control           G            C        O      C + O         G + O  

Weight (g) 113.1 ± 0.1  89.80 ± 0.7 85.40 ± 0.5 88.30 ± 0.0   86.00 ± 0.5 87.90 ± 0.1 

Size     (m) 165.8 ± 1.1  145.0 ± 0.0 143.3 ± 0.1 147.9 ± 0.0  145.4 ± 0.0 147.3 ± 0.1 

Leptin  (µg/dL)  0.19 ±  0.8    0.44 ± 0.0   0.62 ± 0.3   0.45 ± 0.0    0.69 ± 0.3   0.41 ± 0.0 

Cholesterol (mg/dL) 53.50 ± 0.0  37.50 ± 0.0 29.50 ± 0.8 38.40 ± 0.3  37.40 ± 0.1 35.90 ± 0.4 

Fecal triglyceride (mg/dL) 15.90 ± 0.4  21.40 ± 0.6 13.60 ± 0.7 20.80 ± 0.1    16.8 ± 0.2 19.20 ± 0.0 

Blood triglyceride (mg/dL) 48.50 ± 0.3  28.30 ± 0.3 29.70 ± 0.0 29.30 ± 0.5  31.30 ± 0.2 31.90 ± 0.5 

Progesterone (µg/dL)    1.99 ± 0.2    2.62 ± 0.5   3.13 ± 0.5   2.62 ± 0.1    2.79 ± 0.0   3.02 ± 0.0 

Estrogen  (µg/dL) 20.94 ± 0.0  19.72 ± 0.1 19.75 ± 0.2 19.92 ± 0.1  19.63 ± 0.3 19.80 ± 0.6 

FSH    (µg/dL) 21.98 ± 0.0  22.42 ± 0.4 23.78 ± 0.0 21.59 ± 0.1  23.27 ± 0.1 21.33 ± 0.1 

Feed consumption (kcal) 95.20 ± 0.6  42.90 ± 0.0 36.60 ± 0.3 41.30 ± 0.0  41.80 ± 0.0   47.5 ± 0.1 

Cucumber (C), green tea leaves (G) and orlistat (O).  

Table 3. Factorial analyses of extracts and period administration in relation 

to leptin concentration.   

Variables  Sum Sq Mean Sq      F     p 

Leptin     

Period   0.02   0.01   1.32 0.28 

Extracts   0.38   0.08   45.1 0.04 

Period × Extracts    0.05   0.01   4.11 0.01 

 

 

 

In MANCOVA, body weight and feed consumption indicated a significant 

correlation with the different types of extracts (p < 0.05) (Table 4). In a 

pair wise analyses, the blend of orlistat and cucumber, and green tea and 

orlistat groups significantly correlated with body weight (p < 0.05). 

Meanwhile, feed consumption significantly varied between control group 
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and the cucumber, orlistat, green tea, blend of cucumber and orlistat, 

cucumber and orlistat (Table 5).  

 

 

 

Table 4. Pair wised Tukey’s HSD for extracts and leptin concentration. 

Variables Estimate  SE     t     p 

 Leptin     

(C+O)     –         (C)    0.09 0.03 3.16 0.03 

   (C)        –      Control    0.25 0.03 8.90 0.01 

   (G)        –         (C)    0.03 0.03 1.09 0.88 

 (G+O)     –         (C)      0.05 0.03 1.71 0.53 

   (O)         –        (C)    0.05 0.03 1.85 0.44 

 (C+O)      –    Control     0.16 0.03 5.74 0.01 

  (G)         –      (C+O)    -0.06 0.03  -2.07 0.32 

(G+O)      –      (C+O)    -0.04 0.03  -1.45 0.69 

  (O )        –      (C+O)    -0.04 0.03  -1.31 0.78 

  (G)         –     Control    -0.22 0.03  -7.81 0.01 

(G+O)      –     Control    -0.20 0.03  -7.19 0.01 

   (O)        –     Control    -0.19 0.03  -7.05 0.01 

(G+O)      –        (G)     0.02 0.03   0.62 0.99 

  (O)         –        (G)       0.02 0.03   0.76 0.97 

  (O)         –      (G+O)     0.01 0.03   0.15 1.00 

(O) = Orlistat, (G) = green tea leaves, (C) = cucumber  

Table 5. Analyses of variance for weight and feed consumption in relation 

to extracts. Only significant values are extracted. 

Variables  Sum Sq Mean Sq      F     p 

a)  Body weight     

Extracts 5577.3 1115.5   2.70 0.03 

b) Feed consumption     

Extracts  24175.1 4835.0   38.0    0.01 

 

In MANOVA, cholesterol, serum and blood triglycerides correlated 

significantly to extracts and period of administration (p < 0.05). However, 

we found that only serum cholesterol significantly correlated to the 

interaction between types of extracts and period of administration (p < 

0.02) (Table 6). In pair wise analyses, fecal triglyceride of green tea and 

cucumber extracts significantly varied. While serum triglyceride and 

cholesterol of the rats treated with the different forms of extract correlated 

mostly with control group (Table 7).  

Table 6. Body weight and feed consumption in relation to extracts 

concentration. 

Variables Estimate  SE     t     P 

a) Body weight     

 (C+O)      –       Control    27.10 9.084  2.983 0.04 

 (G+O)      –       Control    -27.20 9.084 -2.994 0.04 

b) Feed consumption      

    (C)       –        Control    58.60 5.047  11.61   0.01 

  (C+O)     –       Control    53.40 5.047  10.58 0.01 

    (G)         –      Control   -52.30 5.047 -10.36 0.01 

  (G+O)       –     Control   -47.70 5.047 -9.451 0.01 

    (O )        –      Control   -53.90 5.047 -10.68 0.01 

(O) = Orlistat, (G) = green tea leaves, (C) = cucumber. Pair wised Tukey’s 

HSD   

Table 7. Analyses of variance for cholesterol, serum and fecal triglycerides 

in relation to extracts and period of administration   

Variables  Sum Sq Mean Sq      F     P 

a)  Serum triglyceride     

Extracts  2908.5 581.71 9.871       <0.001 

Period 4974.8 1243.7 21.10    <0.001 

Extracts × Period 1605.0 80.250 1.361        0.22 

b)  Fecal triglyceride      

Extracts  460.35 92.070 4.070      0.006 

Period 381.43 95.358 4.216      0.007 

Extracts × Period 626.57 31.328 1.385      0.205 

a) Serum 

cholesterol      

Extracts  3147.4 629.48 13.2615    <0.001 

Period 1504.4 376.11 7.9236    <0.001 

Extracts × Period 2198.8 109.94 2.3161        0.02 

The period of administration of extract indicated that fecal triglyceride and 

serum cholesterol significantly varied more during the first and post period 

of extract administration. While serum triglyceride also varied 

significantly (p < 0.05) by first and post period of administration, estrus 

and post period, second and post period, and third and post period of 

administration (Table 8).   

Table 8. Cholesterol, serum and fecal triglycerides in relation to extracts  

Variables Estimate  SE        t      P 

a) Serum triglycerides      

  (C)         –        Control  18.80 5.560     3.381     0.02 

(C+O)     –        Control  17.20 5.560     3.093     0.04 

  (G)        –        Control  -20.20 5.560    -3.633     0.01 

(G+O)     –        Control  -16.60 5.560    -2.985     0.04 

  (O )       –        Control  -19.20 5.560    -3.453     0.01 

b) Fecal triglycerides      

  (G)         –        (C)   7.800 2.499     3.121     0.03 

c) Serum cholesterol      

   (C)       –       Control   24.00 4.358     5.507 < 0.001 

(C+O)     –       Control  16.10 4.358     3.695    0.006 

   (G)       –       Control -16.00 4.358    -3.672    0.006 

(G+O)     –       Control -17.60 4.358    -4.039    0.002 

  (O)        –       Control -15.10 4.358    -3.465      0.01 

(O) = Orlistat, (G) = green tea leaves, (C) = cucumber. Pair wised Tukey’s 

HSD   

 

In MANOVA, progesterone correlated significantly with the extract, 

period of administration and the interaction between extracts and period of 

administration (P < 0.05), while and follicle stimulating hormone 

correlated with period and the interaction between extracts and period of 

administration (p < 0.05) (Table 9). 

Table 9. Pair wised Tukey’s HSD for cholesterol, serum and fecal 

triglycerides in relation to period of administration  

Variables Estimate   SE        t      P 

a)   Serum triglycerides      

  Estrus     –       Post   0.193 0.044    4.412   0.004 

  First        –       Post   2.317 0.044    5.310 <0.001 

  Second   –       Post  -0.235 0.044   -5.405 <0.001 

  Third      –       Post - 0.331 0.044   -7.304 <0.001 

b)  Fecal triglycerides      

   First       –       Post  -7.333 2.313    -3.171     0.02 

c)  Serum cholesterol      

   First      –        Post  -15.50 4.529    -3.422   0.009 

In MANCOVA, weight, leptin, follicle stimulating hormone and 

progesterone in relation to estrogen, body size and extracts, it was found 

that estrogen correlated significantly to follicle stimulating hormone, 

progesterone estrogen (p < 0.05). The different types of extract correlated 

significantly with body weight and leptin concentration (p < 0.05) (Table 

10).  

Table 10. Progesterone and follicle stimulating hormone in relation to 

extracts and period of administration   

Variables  Sum Sq Mean Sq      F     P 

Progesterone     

Period   162.10   40.53 113.06     <0.001 

Extracts       8.05     1.61     4.49   0.004 

Period × Extracts      27.01     1.35     3.77 <0.001 

FSH     

Period 1024.08 256.02 31.56          <0.001 

Extracts      46.44     9.29   1.15     0.36 

Period × Extracts    609.64   30.48   3.76 <0.001 

In PCA, weight (0.80), feed consumption (0.80), cholesterol (0.55) and 

blood triglyceride (0.83) contributed more to the first PC. While size 

(0.55), progesterone (0.69), estrogen (0.50) and follicle stimulating 

hormone (0.60) contributed more to the second PC (Table 11). 
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Table 11. Weight, leptin, follicle stimulating hormone and progesterone in 

relation to estrogen, body size and extracts 

Variables  Sum Sq Mean Sq      F     P 

FSH      

Estrogen 157.17 157.16 4.8617     0.03 

Leptin     

Extracts    0.38     0.08   21.26 <0.001 

Progesterone      

Estrogen  32.34   32.34    9.41   0.003 

Weight     

Extracts 5577.3 1115.5     5.11 <0.001 

Size 4216.5 4216.5   19.30 <0.001 

Estrogen 1190.0 1190.0     5.45   0.023 

Extracts × Size 6604.9 1321.0     6.05 <0.001 

 

Figure 1: Principal component analyses (PCA) indicating the score plot 

for the first and second components. The smallest oval shape circled by 

green line indicates distribution of variables in the control group; the large 

oval shape circled by yellow line indicates distribution of variables in the 

blend of cucumber and orlistat extract group (C+O); large oval shape 

circled by red line indicates the cucumber extract group (C); the oval 

shape circled by light blue line indicates green tea leaves extract group 

(G); the oval shape circled by blue line indicates blend of green tea and 

orlistat extract group (G+O); the oval shape circled by pink line indicates 

orlistat extract group (O). The arrows of the PCA indicates approximation 

of variance of variables, and then their angles approximate the 

correlations. More so, points closer to each other usually signify that they 

have similar score on PCA components (n = 18 female rats). 

Figure 2. Principal component analyses (PCA) indicating the score plot 

for the first and second components. The smallest oval shape circled by 

yellow line indicates distribution of variables during the first period of 

extract administration; the smaller oval shape circled by blue line 

indicates distribution of variables during second period of extract 

administration; the larger oval shape circled by pink line indicates 

distribution of variables during third period of extract administration; the 

large oval shape circled by red line indicates distribution of variables 

during estrus period;  the larger oval shape circled by green line is the 

post period of no extract administration. The arrows of the PCA indicates 

approximation of variance of the variables, and then their angles 

approximate the correlations. More so, points closer to each other usually 

signify that they have similar score on PCA components (n = 18 female 

rats). 

 

4.0 DISCUSSION    

Obesity results from a persistent imbalance between energy intake and 

energy expenditure and remains a major global public health concern 

because of its association with metabolic disorders, including 

cardiovascular diseases and type 2 diabetes (Vangoori et al., 2022). 

Although pharmacological and plant-derived interventions are 

increasingly explored for weight management, their effectiveness depends 

not only on their ability to reduce body weight during administration but 

also on their influence on metabolic adaptation after treatment withdrawal. 

In the present study, cucumber extract, green tea extract, Orlistat, and their 

combinations influenced body condition, feed intake, and metabolic 

responses in female Wistar rats. The reduction in body weight observed in 

treated groups suggests that these interventions modified energy balance 

through different mechanisms involving appetite regulation, lipid 

metabolism, and nutrient absorption. However, the increase in body weight 

following discontinuation of treatment indicates a possible compensatory 

response, where restoration of normal metabolic activity and energy 

availability may promote weight regain. Similar rebound effects have been 

reported following cessation of weight management interventions, 

suggesting that sustained regulation of metabolic pathways may be 

necessary for maintaining long-term benefits (Verhaegen et al., 2019). 

Leptin concentration was significantly influenced by treatment type and by 

the interaction between treatment and duration of administration. This 

finding highlights the importance of leptin signalling in regulating energy 

homeostasis. Leptin, an adipocyte-derived hormone, communicates 

peripheral energy stores to the hypothalamus through leptin receptors 

(LepR), activating anorexigenic pathways that suppress appetite and 

regulate energy expenditure (Ahima & Flier, 2000; Allison & Myers, 2014; 

Friedman, 2019). The higher leptin response observed following cucumber 

supplementation and cucumber combined with Orlistat suggests that these 

treatments may have influenced appetite-related pathways. However, the 

response should be interpreted as altered leptin regulation rather than direct 

evidence of improved leptin sensitivity, because leptin concentration is 

influenced by adiposity, nutritional status, and metabolic condition. The 

potential role of cucumber extract in appetite regulation may be associated 

with its high dietary fibre content and bioactive compounds. Fibre 

increases satiety by delaying gastric emptying and promoting signals 

involved in appetite control. In addition, cucumber-derived triterpenoid 

saponins have been reported to inhibit pancreatic lipase activity, which 

may reduce lipid digestion and influence energy availability (Subandi et 

al., 2018). These mechanisms may explain the lower feed intake observed 

in cucumber-treated rats. Reduced energy consumption may subsequently 

contribute to improved weight regulation by limiting caloric availability 

and altering energy storage. The combined administration of cucumber 

extract and Orlistat produced responses consistent with the complementary 

actions of these interventions. While cucumber may influence satiety 

pathways through fibre and phytochemical-mediated mechanisms, Orlistat 

acts mainly by inhibiting gastrointestinal lipases, reducing triglyceride 

hydrolysis and limiting intestinal fatty acid absorption. Therefore, the 

combination may influence both energy intake and energy assimilation. 

Nevertheless, the increase in body weight observed during the post-

treatment period (Figure 1) suggests that these effects may depend on 

continuous exposure to the interventions. Following withdrawal, 

restoration of normal digestive processes and energy availability may 

contribute to weight regain, emphasizing the need to consider metabolic 

adaptation when evaluating weight management strategies. The 

relationship among leptin, feed intake, and body weight further supports 

the role of endocrine regulation in energy balance. The inverse association 

between leptin and feed consumption suggests that increased leptin 

signalling may contribute to reduced appetite, whereas lower leptin levels 

may be associated with increased food intake and weight accumulation. 

However, the observed associations from multivariate analysis should not 

be interpreted as direct causal relationships because appetite regulation 

involves complex interactions among adipose tissue signals, nutritional 

status, and hormonal pathways. 
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Limitation 

Study limitations should also be considered when interpreting these 

findings. Although the treatments influenced body weight, lipid 

metabolism, appetite-related responses, and reproductive hormones, 

obesity was not experimentally induced in the female Wistar rats. 

Therefore, the observed responses should be interpreted as effects on 

physiological weight regulation rather than definitive anti-obesity efficacy. 

The absence of an obesity-induced model limits direct extrapolation of 

these findings to obese conditions, where metabolic alterations may 

influence treatment responses differently. More so, the cucumber extract 

was not subjected to phytochemical characterization and quantification in 

the present study. Although previous studies have reported bioactive 

constituents associated with cucumber, the contribution of specific 

phytochemicals to the observed physiological responses cannot be 

confirmed from the current data. Future investigations incorporating 

obesity models and comprehensive phytochemical profiling would provide 

further insight into the mechanisms underlying these responses. 

 

Conclusion  

This study demonstrated that different weight management interventions 

produced distinct metabolic and reproductive responses in female Wistar 

rats. Cucumber extract, particularly when administered alone or combined 

with Orlistat, showed greater potential for weight regulation, which was 

associated with altered leptin responses and reduced feed intake. The 

findings suggest that cucumber-based interventions may influence energy 

balance through appetite-related pathways, while Orlistat may provide 

complementary effects through modulation of lipid absorption. However, 

the observed increase in body weight following treatment withdrawal 

indicates that the benefits of these interventions may not be sustained after 

discontinuation. Overall, the study highlights that natural and 

pharmacological weight management strategies can influence body 

condition, lipid metabolism, and hormonal regulation through 

interconnected metabolic pathways. 

Data availability statement  

Data will be made available on request. 

Competing interest  

The authors declare that they have no known competing financial interests 

or personal relationships that could have appeared to influence the work 

reported in this paper. 

Authors contribution 

Study was conceived by RAA, FAA; laboratory work by IN, RAA; 

drafting of manuscript by FAA; Statistical design and data analyses by 

FAA; manuscript revised and edited by RAA, IN, FAA. All authors 

approved submission for consideration 

Acknowledgments 

This study was supported with materials from the following institutions: 

(i) The National Veterinary Research Institute, Vom in Plateau State and 

(ii) The Department of Zoology and Environmental Biology, the 

University of Nigeria, Nsukka in Enugu State.  

REFERENCES 

Adani VM, Ahmad N, Mukhtar H. Molecular targets for green tea in 

prostate cancer prevention. J Nutr 2013; 133: 2417S-2424S. 

Ahima, R. S. & Flier, J. S. Leptin. Annu. Rev. Physiol. 62, 413–437 

(2000). 

Akhtar, P., Ahmad, I., Jameela, A., Ashfaque, M., & Begum, Z. (2020). 

Energizing Effectiveness of Cucumber (Khayarain) For Health. 

A Review Article. Journal of Emerging  Technologies and 

Innovative Research, 7(11), 906-917. 

Aljamal, A. (2017). Effect of Orlistat Drug and Green Coffee in Body 

Weight of Hypercholesterolemia Male Albino Rats. Journal of 

Chemical and Pharmaceutical Research, 9(12), 9-12. 

Andong, F. A., Ejere, V. C., Agina, O. A., Ekere, S. O., & Mayowa, E. S. 

(2024). Assessment of biometrics and stress indicators of the 

adult Village Weaver birds (Ploceus cucullatus) during 

breeding and post-breeding seasons in Jos, 

Nigeria. Heliyon, 10(10). 

Andong, F. A., Okwuonu, E. S., Melefa, T. D., Okoye, C. O., 

Nkemakolam, A. O., Hinmikaiye, F. F.,  Nwankpo, E.O. and 

Ozue, C. C. (2021). The consequence of aqueous extract of 

tobacco leaves (Nicotiana tabacum. L) on feed intake, body 

mass, and hematological indices of male wistar rats fed under 

equal environmental conditions. Journal of the American 

College of Nutrition, 40(5), 429-442. 

Andong, F. A., Okwuonu, E. S., Melefa, T. D., Okoye, C. O., 

Nkemakolam, A. O., Hinmikaiye, F. F., Nwankpo, E.O. and 

Ozue, C. C. (2021). The consequence of aqueous extract of 

tobacco leaves (Nicotiana tabacum. L) on feed intake, body 

mass, and hematological indices of male wistar rats  fed under 

equal environmental conditions. Journal of the American 

college of nutrition, 40(5), 429-442. 

Andong, F. A., Okwuonu, E. S., Melefa, T. D., Okoye, C. O., 

Nkemakolam, A. O., Hinmikaiye, F. F., Nwankpo, E.O. and 

Ozue, C. C. (2021). The consequence of aqueous extract of 

tobacco leaves (Nicotiana tabacum. L) on feed intake, body 

mass, and hematological indices of male wistar rats fed under 

equal environmental conditions. Journal of the American 

College of Nutrition, 40(5), 429-442. 

Andong, F. A., Orji, E. A., Ezenwaji, N. E., Nkemakolam, A. O., Melefa, 

T. D., Chukwurah, A. O., Oguche Moses Ojonugwa, M. O., 

Hinmikaiye, F.F. and Onwurah, A. I. (2021). Sub-acute oral 

toxicity study of aqueous extract of tobacco leaves (Nicotiana 

tabacum L.) on lipid profile, the tissue, and serum of the liver 

and kidney of male Wistar rats. Biomarkers, 26(2), 127-137. 

Andong, F. A., Orji, E. A., Ezenwaji, N. E., Nkemakolam, A. O., Melefa, 

T. D., Chukwurah, A.  O., Oguche  Moses 

Ojonugwa, M. O., Hinmikaiye, F.F. and Onwurah, A. I. 

 (2021). Sub-acute oral  toxicity study of 

aqueous extract of tobacco leaves  (Nicotiana 

 tabacum L.) on lipid profile, the  tissue, and 

serum of the liver and  kidney of male Wistar 

 rats. Biomarkers, 26(2), 127-137. 

Andong, F. A., Ossai, N. I., Echude, D., Okoye, C. O., & Igwe, E. E. 

(2023). Motives, other meat  sources and socioeconomic 

status predict number of consumers with preference for two 

 antelope species served in Enugu-Nigeria. Global 

Ecology and Conservation, 42: 1-17 

Aritonang, T. R., Rahayu, S., Sirait, L. I., Karo, M. B., Simanjuntak, T. 

P., Natzir, R., Sinrangg,  A.W., Massi,  M.N., 

Hatta, M and Kamelia, E. (2017). The role of FSH, LH, 

estradiol and  progesterone hormone on estrus cycle of 

female rats. International Journal of Sciences:  Basic and 

Applied Research, 35(1):  92-100. 

Bialecka-Florjanczyk, E., Fabiszewska, A. U., Krzyczkowska, J., & 

Kurylowicz, A. (2018).  Synthetic and natural lipase 

inhibitors. Mini reviews in medicinal chemistry, 18(8), 672-

 683. 

Camastra S, Vitali A, Anselmino M, Gastaldelli A, Bellini R, Berta R, 

Severi I, Baldi S, Astiarraga  B, Barbatelli  G, Cinti 

S, Ferrannini E. (2018). Publisher Correction: Muscle and 

adipose  tissue morphology, insulin sensitivity and beta-cell 

function in diabetic and nondiabetic  obese patients: 

effects of bariatric surgery. Sci Rep. 2018 8(1):8177 

Chandel, N. S. (2021). Lipid Metabolism. Cold Spring Harb Perspect 

Biol. 13(9): 1−20. 

D’silva, W. W., Biradar, P. R. and Patil, A. (2021). Luffa cylindrica: a 

promising herbal treatment  in progesterone induced 

obesity in mice. Journal of Diabetes and Metabolic Disorders, 

 20(1): 329–340. 

Das, S. K., & Karmakar, S. N. (2015). Effect of green tea (camellia 

sinensis l.) leaf extract on  reproductive  system of 

adult male albino rats. International journal of physiology, 

 pathophysiology and  pharmacology, 7(4), 

178. 

Delwatta SL, Gunatilake M, Baumans V, Seneviratne MD, Dissanayaka 

MLB, Batagoda SS,  Udagedara AH, Walpola PB. Reference 

values for selected hematological, biochemical  and 

physiological parameters of Sprague-Dawley rats at the 

Animal House, Faculty of  Medicine, University of 

Colombo, Sri Lanka.Animal Model Exp Med. 2018;1(4):250–

 254. 

Elabarany, N. (2018). A comparative study of some haematological and 

biochemical parameters  between two species from the 



J Bio Res Biotech. August 2026. 24(2): 760-767 
Agyo et al…  BIORESEARCH 

766 

Anatidae family within migration season. The Journal of 

 Basic and Applied Zoology, 79(31):1–9. 

 

Filippatos, T. D., Derdemezis, C. S., Gazi, I. F., Nakou, E. S., 

Mikhailidis, D. P. and Elisaf,  M. S. (2008). Orlistat-

Associated Adverse Effects and Drug Interactions. Drug 

 Safety,  31(1), 53–65. 

FOSS (2003) Hexane extraction of fat in feed, cereal grain and forage. 

FOSS, pp 1–9 

 

Friedman, J. M. Leptin and the endocrine control of energy balance. Nat. 

Metab. 1, 754– 764  (2019). 

Geliebter, A., Astbury, N. M., Aviram-Friedman, R., Yahav, E., & 

Hashim, S. (2014). Skipping  breakfast leads to weight loss 

but also elevated cholesterol compared with consuming daily 

 breakfasts of oat porridge or frosted cornflakes in 

overweight individuals: a randomized controlled trial. Journal 

of Nutritional Science, 3, e56. 

George, G., Sridhar, SNC, S., & Paul, A. T. (2020). Investigation of 

synergistic potential of green tea polyphenols and orlistat 

combinations using pancreatic lipase assay-based synergy 

directed fractionation strategy. South African Journal of 

Botany, 135, 50–57. 

Guerciolini R. Mode of action of orlistat. Int J Obes Relat Metab Disord. 

1997 Jun;21 Suppl  3:S12-23. PMID: 9225172. 

Hanefeld, M., & Sachse, G. (2002). The effects of orlistat on body weight 

and glycaemic control in overweight patients with type 2 

diabetes: a randomized, placebo‐controlled 

 trial. Diabetes, Obesity and Metabolism, 4(6), 415-

423. 

Hauner, D., Janni, W., Rack, B. and Hauner, H. (2011). The effect of 

overweight and nutrition on  prognosis in  breast 

cancer. Deutsches Ärzteblatt International, 108(47), 795. 

Hirschberg, A. L. (2012). Sex hormones, appetite and eating behaviour in 

women. Maturitas, 71(3), 248-256 

Holman, B. W., Bailes, K. L., Meyer, R. G., & Hopkins, D. L. (2019). 

Effect of modified Soxhlet  (Soxtec) and  Folch 

extraction method selection on the total lipid determination of 

aged beef. Journal of food  science and technology, 56, 3957-

3961. 

Huss, J. M., Torra, I. P., Staels, B., Giguère, V. & Kelly, D. P. Estrogen-

related receptor alpha directs peroxisome proliferator-activated 

receptor alpha signaling in the transcriptional control of energy 

metabolism in cardiac and skeletal muscle. Mol. Cell Biol. 24, 

9079– 9091 (2004). 

Ito, T., Yamamoto, Y., Yamagishi, N., & Kanai, Y. (2021). Stomach 

secretes estrogen in  response to the blood triglyceride 

levels. Communications Biology, 4(1), 1364. 

Jain SS, Ramanand SJ, Ramanand JB, Akat PB, Patwardhan MH, Joshi 

SR.  Evaluation of  efficacy and safety of orlistat in 

obese patients. Indian J  Endocrinol Metab. 2011 

 Apr;15(2):99-104. 

Kao YH, Hiipaka RA, Liao S. Modulation of endocrine systems and food 

intake by green tea  epigallocatechin gallate. Endocrinology 

2000; 141: 980-7. 

Katimbwa, D. A., Oh, J., Jang, C. H., & Lim, J. (2022). Orlistat, a 

competitive lipase inhibitor  used as an antiobesity remedy, 

enhances inflammatory reactions in the intestine. Applied 

 Biological Chemistry, 65(1), 47. 

Khan, A., Raza, S., Khan, Y., Aksoy, T., Khan, M., Weinberger, Y., & 

Goldman, J. (2012).  Current updates in the medical 

management of obesity. Recent patents on endocrine, 

 metabolic &  immune drug discovery, 6(2), 

117-128. 

Kuryłowicz, A. (2023). Estrogens in adipose tissue physiology and 

obesity-related  dysfunction. Biomedicines, 11(3): 1-23 

Li, R. W., Douglas, T. D., Maiyoh, G. K., Adeli, K., & Theriault, A. G. 

(2006). Green tea leaf  extract improves lipid and 

glucose homeostasis in a fructose-fed insulin-resistant hamster 

 model. Journal of ethnopharmacology, 104(1-2), 

24-31. 

Liu J, Zeng FF, Liu ZM, Zhang CX, Ling WH, Chen YM. (2013). Effects 

of blood triglycerides  on cardiovascular and all-cause 

mortality: a systematic review and meta-analysis of  61 

prospective studies. Lipids Health Dis. 12:1-11 

Liu, C., Guo, Y., Sun, L., Lai, X., Li, Q., Zhang, W., ... & Cao, F. (2019). 

Six types of tea reduce  high-fat-diet-induced fat 

accumulation in mice by increasing lipid metabolism and 

 suppressing inflammation. Food & function, 10(4), 

2061-2074. 

Allison, M. B. & Myers, M. G. Jr 20 years of leptin: connecting leptin 

signaling to  biological function. J. Endocrinol. 223, 

T25–T35 (2014). 

Mahmood, B., Mokhtar, M., & Esfandiar, S. (2015). The impact of green 

tea (Camellia sinensis)  on the  amount of 

gonadotropin hormones (LH, FSH) in immature female rats 

poisoned  with cadmium  chloride. Biomedical and 

Pharmacology Journal, 8(1), 261-268. 

Mak, J. C. (2012). Potential role of green tea catechins in various disease 

therapies: progress and  promise. Clinical  and 

Experimental Pharmacology and Physiology, 39(3), 265-273. 

Marcondes, F. K., Bianchi, F. J., & Tanno, A. P. (2002). Determination 

of the estrous cycle  phases of rats:  some helpful 

considerations. Brazilian journal of biology, 62, 609-614. 

Morales A, Frei B, Leung C, Titman R, Whelan S, Benowitz-Fredericks 

ZM, Elliott K. H. (2020). Point-of-care blood analyzers 

measure the nutritional state of eighteen free-living bird 

species. Comp Biochem Physiol Part A Mol Integr 

Physiol 240:1−11 

Muramatsu, K., FUKUYO, M., & Hara, Y. (1986). Effect of green tea 

catechins on plasma  cholesterol level in cholesterol-fed 

rats. Journal of nutritional science and vitaminology, 32(6), 

613-622. 

Musial, C., Kuban-Jankowska, A., & Gorska-Ponikowska, M. (2020). 

Beneficial properties of green tea catechins. International 

journal of molecular sciences, 21(5), 1744. 

National Research Council. (1995). Nutrient Requirements of Laboratory 

Animals,: Fourth  Revised Edition, 1995. Washington, DC: 

The National Academies Press. doi.org/10.17226/4758. 

National Research Council. (2011). Guide for the care and use of 

laboratory animals (8th ed.).  National Academies Press. 

Navratilova, H. F., Damayanthi, E., Ardiansyah, R., Fitriyana, I. N., 

Soejoedono, R. D., & Thenawidjaja, M. (2020). Fecal Lipid 

Content, Serum Lipid Profile, and Intra- Abdominal Fat 

Accumulation in Normal Rats Supplemented with Rice Bran 

Oil. Jurnal Gizi dan Pangan, 15(2), 119-124 

Newell-Fugate, A. E. The role of sex steroids in white adipose tissue 

adipocyte function.  Reproduction 153, R133–R149 (2017). 

NHMRC. (2013). Australian dietary guidelines from the National Health 

and Medical Research Council. 

Oboh, G., Ademiluyi, A. O., Ogunsuyi, O. B., Oyeleye, S. I., Dada, A. F., 

& Boligon, A. A. (2017). Cabbage and cucumber extracts 

exhibited anticholinesterase, antimonoamine oxidase and 

antioxidant properties. Journal of Food 

Biochemistry, 41(3):1−7 

O'Meara, S., Riemsma, R., Shirran, L., Mather, L., & Ter Riet, G. (2004). 

A systematic review of  the  clinical 

 effectiveness of orlistat used for the management of 

obesity. Obesity  Reviews, 5(1), 51-68. 

Romero, L. M., Reed, J. M., & Wingfield, J. C. (2000). Effects of 

weather on corticosterone  responses in  wild free-

living passerine birds. General and comparative 

 endocrinology, 118(1), 113-122. 

Omoba, O. S., & Onyekwere, U. (2016). Postharvest physicochemical 

properties of cucumber  fruits  (Cucumber sativus 

L) treated with chitosan-lemon grass extracts under different 

 storage durations. African Journal of 

Biotechnology, 15(50), 2758-2766. 

Peng, X., Zhou, R., Wang, B., Yu, X., Yang, X., Liu, K., & Mi, M. 

(2014). Effect of green tea  consumption on blood 

pressure: A meta-analysis of 13 randomized controlled 

trials. Scientific reports, 4(1), 6251. 

Pervin, M., Unno, K., Ohishi, T., Tanabe, H., Miyoshi, N., & Nakamura, 

Y. (2018). Beneficial effects of green tea catechins on 

neurodegenerative diseases. Molecules, 23(6), 1297. 

Posridee, K., Chirinang, P., Oonsivilai, A., & Oonsivilai, R. (2023). 

Evaluation of Short-Term Toxicity and  Cholesterol-

Lowering Effects in Rats Exposed to Dietary Fiber Derived 

 fromCassava Pulp. Foods, 12(22), 4074. 



J Bio Res Biotech. August 2026. 24(2): 760-767 
Agyo et al…  BIORESEARCH 

767 

Pouadjeu, J. M., Tomášek, O., Kauzál, O., Nguelefack, T. B., & Albrecht, 

T. (2023). Sources of variation in baseline and stress-induced 

blood glucose levels in two free-living tropical  passerine 

 species. Journal of Vertebrate Biology, 72:1-15 

Rajan, L., Radhakrishnan, A., Selleppan, G. and Mohankumar, S. K. 

(2021). Susceptible genetic polymorphisms and their 

association with adverse effects of orlistat therapy. Obesity 

Medicine, 25: 1−7 

RBCM. (2023). Rat breeding colony management: Standard operating 

procedure #609 modified by the veterinary committee. pp. 4 

Romero, L. M., Meister, C. J., Cyr, N.E., Kenagy, G. J. and Wingfield J. 

C. (2008). Seasonal  glucocorticoid responses to capture in 

wild free-living mammals. American Journal of Physiology, 

Regulatory, Integrative Comparative Physiology, 294:614–

622. 

Samavat H, Newman AR, Wang R, Yuan JM, Wu AH, Kurzer MS. 

(2016). Effects of green tea  catechin  extract on serum 

lipids in postmenopausal women: a randomized, placebo-

controlled clinical trial. Am J Clin Nutr., 104(6):1671-1682. 

Saxton, R. A., Caveney, N. A., Moya-Garzon, M. D., Householder, K. D., 

Rodriguez, G. E.,  Burdsall, K. A., Long, J.N and  Garcia, K. 

C. (2023). Structural insights into the mechanism of leptin 

receptor activation. Nature Communications, 14(1), 1797. 

Subandi, S., Wijaya, M., Sudarmo, T. P. B. and  Suarsini, E. (2018). 

Saponin isolates from cucumber (Cucumis sativus L.) fruit 

mesocarp and their activity as pancreatic lipase inhibitor. 

In AIP Conference Proceedings., 2021: 1-6. 

Suckow, M.A., Weisbroth, S.H. & Franklin, C.L. (2005). The Laboratory 

Rat, 2nd Edition. San  Diego, CA: Elsevier Academic 

Press. 

Suzuki, T., Pervin, M., Goto, S., Isemura, M., & Nakamura, Y. (2016). 

Beneficial effects of tea  and the  green  tea 

catechin epigallocatechin-3-gallate on 

 obesity. Molecules, 21(10), 1305. 

Thiex, N. J., Anderson, S., Gildemeister, B., & Collaborators: Adcock W 

Boedigheimer J Bogren  E Coffin R Conway K 

DeBaker A Frankenius E Gramse M Hogan P Knese T 

MacDonald  JM ller J Royle R  Russell M Shafiee F 

Shreve B Sieh J Spann M Töpler E Watts M.  (2003). 

Crude fat, hexanes  extraction, in feed, cereal grain, and 

forage  (Randall/soxtec/submersion method): collaborative 

 study. Journal of AOAC  International, 86(5), 

899-908. 

Torgerson, J. S., Hauptman, J., Boldrin, M. N., & Sjöström, L. (2004). 

XENical in the Prevention  of  Diabetes in Obese 

Subjects (XENDOS) Study. A randomized study of orlistat 

 as an adjunct to lifestyle changes for the prevention 

of type 2 diabetes in obese  patients. Clinical 

 Diabetology, 5(2), 95-104. 

Turner, R. T., Nesser, K. L., Philbrick, K. A., Wong, C. P., Olson, D. A., 

Branscum, A. J., &  Iwaniec, U. T.  (2022). Leptin and 

environmental temperature as determinants of bone  marrow 

adiposity in female  mice. Frontiers in Endocrinology, 13, 

959743. 

Tzotzas, T., Samara, M., Constantinidis, T., Tziomalos, K., & Krassas, G. 

(2007). Short-term  administration of orlistat reduced daytime 

triglyceridemia in obese women with the  metabolic 

syndrome. Angiology, 58(1), 26-33. 

Ugwu, C and  Suru, S. (2021). Cosmetic, Culinary and Therapeutic Uses 

of Cucumber  (Cucumis  sativusL.). IntechOpen. doi: 

10.5772/intechopen.96051 

Vangoori Y, Suresh BS, Midde ML, Anusha D, Uppala PK. A Review on 

Drug Induced  Obesity and Rodent Experimental Models 

of Obesity in Animals. Maedica  (Bucur). 2022 

Sep;17(3):706-713. 

Verhaegen, Ann A., and Luc F. Van Gaal. "Drugs that affect body 

weight, body fat distribution,  and 

 metabolism." Endotext [Internet] (2019). 

Welt, C. K., Pagan, Y. L., Smith, P. C., Rado, K. B., & Hall, J. E. (2003). 

Control of follicle- stimulating  hormone by 

estradiol and the inhibins: critical role of estradiol at the 

 hypothalamus during the  luteal-follicular 

transition. The Journal of Clinical  Endocrinology & 

Metabolism, 88(4), 1766-1771. 

Williams, D. J., Edwards, D., Hamernig, I., Jian, L., James, A. P., 

Johnson, S. K., & Tapsell, L.  C. (2013). Vegetables 

containing phytochemicals with potential anti-obesity 

properties:  A review. Food Research 

International, 52(1), 323-333. 

Wong, M. D., van Eede, M. C., Spring, S., Jevtic, S., Boughner, J. C., 

Lerch, J. P., &  Henkelman, R. M. (2015). 4D atlas of the 

mouse embryo for precise morphological  staging. 

Development (Cambridge, England), 142(20), 3583–3591 

Yang CS, Zhang J, Zhang L, Huang J, Wang Y. Mechanisms of body 

weight reduction and  metabolic syndrome alleviation 

by tea. Mol Nutr Food Res. 2016  Jan;60(1):160-

 74. 

Yang, T. T and Koo, M. W. (1999). Chinese green tea lowers cholesterol 

level through an  increase in  fecal lipid 

excretion. Life Sciences, 66(5), 411-423. 

Zhi J, Melia AT, Eggers H, Joly R, Patel IH. Review of limited systemic 

absorption of  orlistat, a lipase inhibitor, in healthy 

human volunteers. J Clin Pharmacol 1995; 35:  1103-8. 

Zierle-Ghosh, A and Jan, A. (2018). Physiology, body mass index. 

StatPearls Publishing

 

 


