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ABSTRACT 
 

Cholesterol-fed adult zebrafish (Danio rerio) is a novel model organism for study of lipid signaling and metabolism 

that can impact on a variety of heart diseases in humans. It also acts as a model system for drug discovery that could 

affect development of human atherosclerosis. Thus, we investigated the effects of -sitosterol ingestion on lipid 

accumulation caused after high cholesterol feeding adult zebrafish. -sitosterol is a plant sterol that closely resembles 
cholesterol in terms of chemical structure and is therefore, used sometimes in management of hypercholesterolemia in 

humans. Forty five days old zebrafish were fed with experimental diets consisting of 1% cholesterol only, 1% 

cholesterol + 1% -sitosterol, 4% cholesterol only and 4% cholesterol + 4% -sitosterol for 5 weeks. Total cholesterol 

content was significantly lower in groups that were fed diets containing 1% and 4% -sitosterol than in those that were 
fed high cholesterol diet only. Both 1% and 4% β-sitosterol enriched food was well tolerated by zebrafish and 

significantly reduce cholesterol levels in HCD-fed adult zebrafish sometimes below the levels found in control fishes 
with positive effect on growth of fishes. Additionally, 4% β-sitosterol enriched food was more significant in reducing 

cholesterol levels in HCD-fed fish than 1% β-sitosterol. The success achieved with 4% β-sitosterol represents the 

capacity to help maintain healthy cholesterol levels by promoting the reduction of lipid concentrations in the serum in 

a hypercholesteromic zebrafish model.  
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INTRODUCTION 

 

Although cholesterol is important to animal body, 
it has acquired an abhorrent reputation for many 

years due to heart disease. The excess cholesterol 

is one of the major risk factors for atherosclerosis 

that leads to coronary heart disease (CHD) and 
other cardiovascular conditions such as diseases of 

the heart and blood vessels. To avoid over 

accumulation of cholesterol to a harmful level in 
circulation it is urgent to maintain a healthy 

cholesterol level. Since mammalian disease 

models are expensive, the zebrafish system has an 

opportunity to provide a crucial link between high-
throughput in vitro assays and in vivo mammalian 

disease models (Rubinstein, 2003).  

 
Zebrafish (Danio rerio) is an excellent laboratory 

model to study lipid metabolism and signaling as it 

process dietary phospoholipid and cholesterol in a 

manner analogous to humans and other mammals 

(Farber et al., 2001). The high-fecundity, rapid 

development, and low husbandry costs contributed 
to the zebrafish's emergence as a premier 

vertebrate model in biomedicine (Rocke et al., 

2009).  Feeding adult zebrafish a high cholesterol 

diet (HCD) resulted in hypercholesteromelia 
associated with vascular lipid accumulation and 

profound lipoprotein oxidation, all measured 

quantitatively in live animals (Stoletov et al, 
2009). Zebrafish digestive physiology and lipid 

metabolism are very similar to that of humans and 

that treatment of zebrafish with antihyperlipidemic 

drugs elicits similar responses to their mammalian 
counterparts (Carten et al., 2009; Stoletov et al., 

2009; Farber et al., 2001; Hama et al., 2009). For 

having all unique advantages, zebrafish was 
chosen to be the standard test fish in the present 

study for studying whether a phytosterol named as 
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β-sitosterol can effectively reduce cholesterol 

levels in HCD-fed adult zebrafish.      
 

Phytosterols are widespread within the plant 

kingdom, especially among pine trees used in the 

pulping industry (Rydholm, 1965; Pollak and 
Kritchevsky, 1981). More than 100 different types 

of phytosterols (plant sterols) have been identified 

(Moreau et al., 2002). β -sitosterol is one of the 
most common ones (Cook et al., 1996). β -

sitosterol is found in high concentrations in wood 

and plant oils, and near similar to cholesterol in 
terms of chemical structure (Figure 1).  

 

 
 

Figure 1  

Chemical structures of (A) cholesterol and (B) β –
sitosterol (β –sit). 

 

The major phytosterol sources in the human diet 
are vegetable oils, cereals, fruits, and vegetables 

(Moreau et al., 2001). Phytosterols are bound to 

the fibers of the plant and are similar in chemical 
structure to cholesterol except for the C24 position 

on the sterol side chain (Young et al., 2004). Some 

research suggested that because of this structural 

similarity, β-sitosterol can replace cholesterol in 
the human body and lowering cholesterol level 

(Plat et al., 2000).  In general, high density 

lipoproteins (HDL) transport the majority of 
cholesterol in fish, compared to a predominance of 

low density lipoprotein (LDL) in mammalian 

species (Babin and Vernier, 1989). β-Sitosterol is 

more hydrophobic than cholesterol and it inhibits 
cholesterol absorption in the intestine (Matsuoka 

et al., 2008). When the sterol is absorbed in the 

intestine, it is transported by lipoproteins and 
incorporated into the cellular membrane (Awad 

and Fink, 2000). Phytosterols and phytostanols 

both inhibit the uptake of dietary and biliary 
cholesterol, and reduce the levels of low density 

lipoprotein (LDL) and total serum cholesterol. 

Because the structure of β-sitosterol is similar to 

that of cholesterol, β-sitosterol takes the place of 
dietary and biliary cholesterol in micelles 

produced inthe intestinal lumen (Moreau et al., 

2002). This reduces cholesterol absorption in the 
body. In addition, some researcher reported that β-

sitosterol have anti-inflammatory, antipyretic 

(Bouic, 2002; Gupta et al., 1980), antineoplastic, 
immune-modulating (Bouic and Lamprecht, 

1999), and blood sugar–controlling effects (Ivorra 

et al., 1988). In herbal therapy β-sitosterol is used 

especially for benign prostatic hyperplasia (BPH) 
(Berges et al., 1995). According to Young et al 

(2004) high dietary or supplemental consumption 

of phytosterols may be beneficial for women with 
breast cancer. Therefore it is important to note that 

more research needs to be conducted to confirm 

the beneficial and antioxidantal activities of β-
sitosterol before recommending it for the treatment 

or prevention of any form of disease in human. In 

the present study, β-sitosterol had tested to 

establish the value of zebrafish in drug discovery 
once again. 

 

To fully realize the potential of β-sitosterol for 
reducing cholesterol level in zebrafish, it is 

important to explore the growth trends of the 

cholesterol and β-sitosterol treated fishes during 

the experimental period. As we had a scope to 
monitor the growth of fishes so we determined 

differences that occurred in length and weight gain 

of fishes fed by low and high dose of cholesterol-
enriched diet with and without β-sitosterol 

enriched diet in comparison with control animals 

that received normal food.  In fishes, generally the 
growth pattern follows the Cube law (Brody, 

1945; Lagler, 1952) but the actual relationship 

may depart from this (Le Cren, 1951) either due to 

environmental factors or condition of fish. 
According to King (2007), the morphometric 

relationships between length and weight can be 

used to assess the well being of individuals and to 
determine possible differences between separate 

unit stocks of the same species. The length-weight 

relationship also helps to figure out the condition, 
reproduction history, life history and the general 

health of fishing species (Nikolsky, 1963; 

http://en.wikipedia.org/wiki/Micelles
http://en.wikipedia.org/wiki/Herbal_therapy
http://en.wikipedia.org/wiki/Benign_prostatic_hyperplasia
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Wootton, 1992; Pauly, 1993; Erkoyuncu, 1995; 

Avsar, 1998). In addition, length-length 
relationships are also important in fisheries 

management for comparative growth studies 

(Moutopoulos and Stergiou, 2002). Therefore, it 

looks promising to add length-weight relationship 
data into HCD-fed zebra fishes to discover the 

growth trend of high cholesterol and high -
sitosterol treated fishes. 

 
However, there has been hardly any effort so far 

made to explore the efficacy and effects of β-

sitosterol in the HCD-fed zebrafish. Given the 

importance of all these aspects and to determine 
the beneficial effect of β-sitosterol in vertebrates, 

we used zebrafish (Danio rerio) model fed a high 

cholesterol diet (HCD) along with and without low 
and high doses of β-sitosterol. The main purpose 

of the study reported here was to observe the effect 

of β-sitosterol on cholesterol levels in HCD-fed 

adult zebrafish. In addition, this study also aims at 
exploring the pattern of growth of zebrafishes 

obtained from different feeding strategies during 

the study period. 
 

MATERIALS AND METHODS 

 

Zebrafish Maintenance and Feeding 

 

All zebrafish studies described in the paper were 

performed under license from the Government of 
the Hong Kong SAR and endorsed by the Animal 

Experimentation Ethics Committee of the Chinese 

University of Hong Kong. Wild-type (AB) 
zebrafish embryos were obtained by in vitro 

fertilization and natural spawning of adult 

maintained at 28
o
C on a 14/10 hour light/dark 

cycle and staged as described by Kimmel et al 

(1995). Then the larvae were reared with 

commercial tropical fish food named Otohime 

until one and half month. The fish were then 
collected randomly from the mother stock and 

separately stocked in five separate tanks at the 

aquarium of the School of Life Sciences, The 
Chinese University of Hong Kong. Each tank 

contains 30 adult individual fish (Total 150 

individual fish for five treatments). 

 

Treatment with cholesterol and β-sitosterol 

 

Zebrafish were cultured in five different tanks and 

fed with food containing different doses of 
cholesterol and β-sitosterol. The control group was 

fed by commercial tropical fish food named 

Otohime (0% cholesterol and 0% β-sitosterolin 

food) which was expressed as “control diet” 
(treatment 1, n=30). The four experimental diets 

were prepared by adding 1% cholesterol only 

(treatment 2, n=30), 1% cholesterol + 1% β-
sitosterol (treatment 3, n=30), 4% cholesterol only 

(treatment 4, n=30) and 4% cholesterol + 4% β-

sitosterol (treatment 5, n=30), respectively into the 
control diet. The food containing 1% and 4% 

cholesterol was expressed as high cholesterol diet 

(HCD); HCD was made by soaking Otohime 

B1(crude protein 53%, crude fat 8%, crude fibre 
3%, crude ash 16%, calcium 2.30%, phosphorus 

1.5%)  in a diethyl ether solution of cholesterol 

(Catalog number C-8503, Sigma). Similarly, 1% 
cholesterol + 1% β-sitosterol diet (final 

concentration) and 4% cholesterol + 4% β-

sitosterol  (final concentration) was made by 
soaking Otohime B1 in a diethyl ether solution of 

cholesterol and β-sitosterol (Ningbo Distant 

Chemicals Co. Ltd, Ningbo, China). Each group 

(n=30) consumed the cholesterol and β-sitosterol 
treated diet (20mg/day per fish) according to 

above plan for 5 weeks.  

 

Measurement of length-weight of fish 

 

After feeding for five weeks, all fish from each 

treatment (Total=150 individual fish from five 
treatment) were measured in the laboratory to 

monitor whether there is any differences in length 

and weight gain of fishes in different 
environmental condition treated with different 

cholesterol-enriched diet along with or without β-

sitosterol enriched diet. The standard length (SL), 
total length (TL), and fork length (FL) of all 

individuals sampled were measured to the nearest 

1 mm and body weight (BW) to the nearest 0.001 

mg. The statistical significance level of r
2 

was 
estimated and the parameters a and b were 

estimated by least square linear regressions 

performed on the transformed equation, log BW = 
log a + b × log SL, where BW is the body weight 

(mg) and SL is the standard length (mm). When 

the b value in length-weight relationship was equal 
to or did not show statistically significant 

deviation from 3, the growth was isometric, 
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whereas the positive or negative allometric growth 

occurred when the b value deviated significantly 
from 3(Ricker, 1975; Erkoyuncu, 1995). All 

statistical analyses were evaluated at P<0.05 

significance level. 

 

Determination of blood cholesterol 

 

To perform blood cholesterol study fishes were 
fasted for 24 hours before blood collection to 

avoid food intake interference. The analyses of 

samples were done in the same day of collection of 
blood from five treatments. Blood samples were 

handled carefully as zebrafish blood can incur 

hemolysis very easily. For total cholesterol 

analyses, 10 μL of serum was used. These analyses 
were performed on pooled samples of 10 zebrafish 

per sample. After feeding for 5 weeks, blood (2 

μL) was drawn from fish tail vein (total 10 zebra 
fish of each treatment) combined with 5 μL of 

PBS-EDTA (final concentration, 1 mM) and then 

collected in EDTA-treated tubes as described by 
Jin et al (2011). The plasma was obtained by 

centrifugation. Plasma total cholesterol (TC) was 

determined using enzymatic kits from Stanbio 

Laboratories (Boerne, TX, USA) and UV-1601 
(UV visible Spectrophotomter, Shimadzu, 500 

nm).  

 

Determination of tissue cholesterol 

 

Cholesterol levels in body fluids were measured 

by isolating them from the adult fish (total 10 
zebra fish in each treatment) from which 

abdomens were removed and bodies were 

centrifuged to pellet tissue debris, and supernatants 
were used to extract total lipid and measure 

cholesterol using a GLC equipped with a flame-

ionization detector. In brief, total lipids were 
extracted from ~100 mg body tissue sample with 

addition of 1 mg of stigmastanol as an internal 

standard, using 15 mL chloroform/methanol (2:1, 

v/v) and 3 mL saline. After the mild hydrolysis 
with 5 mL NaOH in 90% ethanol at 90

o
C, 

esterified cholesterol was converted to free 

cholesterol. Total cholesterol was then extracted 
with 1 mL of water and 6 mL of cyclohexane. 

After centrifugation, the extract was evaporated to 

dryness under a gentle stream of nitrogen. 
Cholesterol was converted to its trimethyl-silyl 

(TMS)-ether derivative by a commercial TMS 

reagent (dry pyridine/hexamethyldisila-

zane/trichlorosilane, 9:3:1 v/v/v, Sil-A reagent; 
Sigma, St. Louis, MO, USA). Analysis of the 

cholesterol TMS-ether derivative in hexane was 

performed in a fused silica capillary column 

(SAC
TM

-5, 30 m  0.25 mm, id; Supelco, Bel-
lefonte, PA, USA) in a Shimadzu GC-14B GLC 
equipped with a flame-ionization detector 

(Shimadzu, Tokyo, Japan). 

 

Statistical analysis 

 

Data were subjected to one way analysis of 

variance (ANOVA) followed by post hoc multiple 
comparisons using Tukey test to determine the 

significant differences among five treatments. The 

results presented are the mean with standard 
errors. The minimum accepted P value for 

significance is 0.05. 

 

RESULTS AND DISCUSSION 
 

High cholesterol diets were fed to adult zebrafish 

for 5 weeks to examine whether zebrafish are 
sensitive to high-cholesterol diet feeding and at the 

same time β-sitosterol were added in food to 

examine whether it can reduce the level of 
cholesterol. We measured tissue cholesterol levels 

and blood cholesterol levels from each treatment 

to render the results more reliable. 

 

Food intake 

 

Visual observation revealed no marked 
abnormalities or major differences in feeding 

behavior between the five treatments. Adding 

cholesterol and -sitosterol into food did not affect 
survival of fish, their swimming pattern nor 

apparent food intake. No mortality was occurred 
during experimental period. 

 

Fish length and body weight relationship 
 

After feeding fishes with cholesterol and -
sitosterol-enriched diet for five weeks, the body 

weight (mg), total length (TL), standard length 

(SL) and fork length (FL) of all individuals in five 
treatment groups were measured to know the 

effects of cholesterol- and -sitosterol enriched 
diet on fish growth trend. We found that the fish 
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fed with cholesterol and -sitosterol enriched diet 
had an enlarged belly compared to control fish 

(Figure 2).   

 

 
 
Figure 2 

Female fish (confirmed by dissection) fed a control diet, 
HCD and β-sitosterol diet in five treatments. Adult 

zebrafish (both male and female) were fed a 

cholesterol-enriched (HCD) or β-sitosterol-enriched 

diet for 5 weeks.  

 

Standard length (SL) is mainly used in systematic 

studies. When making comparisons between 
populations, it is essential to use standard 

measures for all populations so that the results will 

be more reliable. That is why standard length (SL) 
was used for the present study because it is a 

universal standard for measurement of length of 

fishes. Standard length (mm) and body weight 
(mg) were ranged from 19-30 mm and 272.9-751.3 

mg for control fish (treatment 1), 25-30 mm & 

285.7-681.2 mg for treatment 2, 27-33 mm & 

388.9-804.7 mg for treatment 3, 26-31 mm & 
321.8-757.3 mg for treatment 4 and 26-33 mm & 

289.8-775.0 mg for treatment 5, respectively. The 

lowest value of standard length was measured as 
25 mm in 1% cholesterol treatment while the 

highest value was 33 mm in both 1% cholesterol + 

1% -sitosterol and 4% cholesterol + 4% -
sitosterol mixed diet treatment, respectively. The 

lowest value of body weight was recorded as 285.7 

mg in 1% cholesterol treatment while highest 

value was 775.0 mg in 4% cholesterol + 4% -
sitosterol mixed diet treatment. The result showed 

that standard length and body weight was 

increased significantly when -sitosterol and 
cholesterol in diet increased from 0 to 1% for 

treatment 3 and 0 to 4% for treatment 4 and 5, 

respectively, where cholesterol diet increased to 0 

to 1% in treatment 2 showed a little increase in 
length and body weight during the experimental 

period but this was not significant. Both the high 

cholesterol and high -sitosterol feeding group 
showed increased length and body weight 
compared to the normal group after 5 weeks of 

feeding with cholesterol and β-sitosterol in the 

normal diet (Figure 3).  The length-weight 

relationship of five treatment group presented in 
figure 4 and table 1, showed that linear regressions 

on log transformed data were not significant for 

treatment 2 and 3 but treatment 4 and 5 showed 
significant data with r

2
> 0.7~0.8. There have been 

a few studies available on length-weight 

relationship of HCD treated fish. According to Jin 

et al  (2011), the body weight of the HCD group 
was increased by 11% compared to the normal 

group after 5 weeks of feeding 4% cholesterol in 

the normal diet. They also reported that in contrast 
to the increase, the height was significantly 

decreased (up to 4%) compared to the normal 

group (P < 0.002). The weight-to-height (in 
mg/cm) ratio was increased 16% in the HCD 

group compared to the normal group. They 

suggested that HCD might contribute to an 

increase in body weight, rather than height. In our 
present study, the length-weight relationship of 

five treatment group showed that linear 

regressions on log transformed data were not 
significant for treatment 2 and 3 but treatment 4 

and 5 showed significant b value with r
2
> 0.7~0.8 

(Figure 5 and table 1). The b value in the length-
weight relationship of fish can be used as an 

indicator of food intake and growth pattern, and 

may differ according to such biotic and abiotic 

factors as water temperature, food availability and 
habitat type (Wootton, RS, 1992; Avsar, 1998). 

However, adequate feeding and gonad 

development increases fish weight and b values 
(Nikolsky, 1963; Arslan, 2003). In present study, 

the calculated allometric coefficient b ranged from 

a minimum of 2.4009 for treatment 2 (1% 

cholesterol diet), to a maximum of 4.5468 for 
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treatment 4 (4% Cholesterol diet), with an average 

value of 3.141. Our finding suggest that 1% 
cholesterol + 1% β-sitosterol, 4% cholesterol 

enriched and 4% cholesterol & 4% β-sitosterol 

mixed enriched diet contribute positively to fish 

growth by increasing fish length and body weight. 
Although r

2
> 0.5 for treatment 3 but b value 

recorded as 2.9373 which is more or less closer to 

3 indicates isometric growth of most of the fishes 
in this treatment. The fishes of these three 

treatments feed sufficiently and showed higher b 

value indicated isometric and positive allometric 
growth. On the other hand, 1% cholesterol 

enriched taken fishes feed insufficiently and 

display low b values during the experimental 

period that demonstrated a negative allometric 
growth. Most importantly, fishes successfully took 

cholesterol- and -sitosterol enriched diet without 
any mortality or difficulty. 

 

 
Figure 3 

Effects of cholesterol- and β-sitosterol enriched diet on (A) standard length and (B) body weight of HCD-fed adult 

zebrafish. Zebrafish were fed a cholesterol-enriched (HCD) or β-sitosterol-enriched or control diet for 5 weeks. Data 

represents mean of 30 individual fish sample for each treatment with standard error (mean±SE) and different letters 

above the bars represent significant differences among means of different treatment (P< 0.05).
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Figure 4  

Effects of cholesterol- and β-sitosterol enriched diet on length-weight relationship (In BW = In a + b × In SL) of 

pooled zebrafish for five treatment (n=30). Zebrafish were fed a cholesterol-enriched (HCD) or β-sitosterol-enriched 

or control diet for 5 weeks.  

In BW = 2.05 In SL - 0.7717 

R² = 0.4849 

 
Control  
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Table 1 
Length-weight relationships equation (In BW = Ina + b × In SL) of zebrafish for five treatments. 

 
No Treatment Equation Co-efficient of determination (r2) 

1. Control In BW = 2.05 In SL - 0.7717 0.4849 

2. 1% Cholesterol diet In BW = 2.4009 In SL - 1.9567 0.3126 

3. 1% Chol+1% β-sit In BW = 2.9373 In SL- 3.6606 0.5227 

4. 4% Cholesterol diet In BW = 4.5468 In SL - 8.9885 0.7568 

5. 4% Chol+4% β-sit In BW = 3.7709 In SL - 6.4422 0.8002 

Data represents mean of 30 individual fish sample for each treatment. Zebrafish were fed a cholesterol-enriched 

(HCD) or β-sitosterol-enriched or control diet for 5 weeks. 

 

 

 

 
 
Figure 5  

Effect of different doses of chloesterol on (A) tissue 

cholesterol and (B) blood cholesterol levels in HCD-fed 

adult zebrafish. Zebrafish were fed a cholesterol-
enriched (HCD) or control diet for 5 weeks. Data 

represents mean of 10 individual fish sample for each 

treatment with standard error (mean±SE) and different 

letters above the bars represent significant differences 

among means of different treatment (P< 0.05). 

Effect of cholesterol in diet on fish tissue and 

blood cholesterol  
 

The plasma total cholesterol levels of the HCD 

group were elevated in a dose-dependent manner 
when cholesterol in diet increased from 0 to 4% 

than the control group of fishes (Figure 5). In 

general, cholesterol in tissue and blood increased 
sharply when dietary cholesterol increased from 0 

to 4%. However, we found that when dietary 

cholesterol increased from 0 to 1% in treatment 2, 

total cholesterol was significantly elevated as 
1.7307 mg/dl for blood cholesterol where tissue 

cholesterol elevated as 1.7663 mg/g but was not 

significant. In contrast, when 4% cholesterol was 
added to food in treatment 4, total cholesterol was 

significantly elevated one and half fold higher in 

zebrafish than the control group (Figure 5). Total 
cholesterol levels were raised significantly up to 

2.1363 mg/g and 1.923 mg/dl in tissue and blood 

cholesterol study, respectively, when 4% 

cholesterol added in diet in treatment 2 and 4. This 
result indicates that increased cholesterol uptake 

lead to significant elevations in cholesterol levels 

in zebrafish comparable with 
hypercholesterolemia as well as zebrafish were 

hyper-responsive to high dose of dietary 

cholesterol. Research evidence provides 

information on oxidized lipoprotein that plays an 
important role in atherogenesis in humans and in 

animal models (Tsimikas et al., 2005; Glass and 

Witztum, 2001). 
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Figure 6  

Effect of different doses of β-sitosterol on (A) tissue cholesterol and (B) blood cholesterol levels in HCD-
fed adult zebrafish. Zebrafish were fed a cholesterol-enriched (HCD) or β-sitosterol-enriched or control 

diet for 5 weeks.  Data represents mean of 10 individual fish sample for each treatment with standard 

error (mean±SE) and different letters above the bars represent significant differences among means of 
different treatment (P< 0.05). 
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By feeding HCD to zebrafish, we observed 

hypercholesterolemia in adult zebrafish that is 
likely involved in early atherogenesis. This finding 

indicates that plasma blood glucose may increase 

due to increase uptake of cholesterol. However, 

these results suggest a similar trend of 
experimental conditions used in experiments with 

zebrafish reported by other researchers (Stoletov et 

al., 2009; Fang et al., 2010 and Wen et al., 2004). 
Treatment with HCD feed direct the performance 

to significant elevations in cholesterol levels in 

zebrafish fluids, comparable with 
hypercholesterolemia reported for adult zebrafish 

fed a HCD (Stoletov et al., 2009).  Stoletov et al 

(2009) observed hypercholesterolemia, lipoprotein 

oxidation and fatty streak formation by feeding 
HCD to zebrafish. Fang et al (2010) suggested that 

HCD feeding initiates zebrafish larvae profound 

lipid oxidation and that resulting oxidized lipid 
species closely match those found in mammalian 

atherosclerosis and active important 

proatherogenic mechanisms. Thus for studying of 
pathological process important in early 

atherogenesis, zebrafish is an attractive 

experimental model organism. 

 

Hypolipidemic effect of β-sitosterol in zebrafish 

 

Although there have been many reports 
concerning the oxidized cholesterol esters and 

phospholipids in zebrafish (Fang et al., 2010) 

relatively few articles have been published 

regarding the potency of -sitosterol on reduction 
of cholesterol level in a HCD-fed zebrafish. The 
present study demonstrates the cholesterol-

lowering activity of 1% and 4% -sitosterol and 
blood & plasma cholesterol concentrations of 

HCD-fed adult zebrafish. Normal feed fed 

zebrafish was used as control to examine whether 

treatment with -sitosteorl effects on HCD-fed 
zebrafish. To study the effect of β-sitosterol on 

cholesterol diet, we initially added 1% β-sitosterol 

to 1% cholesterol (final concentration, 1% [wt/wt]) 

in treatment 3 and 4% β-sitosterol to 4% 
cholesterol (final concentration, 4% [wt/wt]) in 

treatment 5. In general, a dose-dependent decrease 

of cholesterol concentration was seen in zebrafish 
with the increased in β-sitosterol in diets. 

Cholesterol in tissue and blood decreased sharply 

when dietary β-sitosterol increased from 0 to 4% 

and found lower cholesterol level that was below 

the levels found in control fishes. However, we 

found that when dietary β-sitosterol increased 
from 0 to 1% in treatment 3, total blood 

cholesterol was significantly decreased as 1.5384 

mg/dl and total tissue cholesterol was decreased as 

1.7467 mg/g, which was not significant. In 
contrast, total cholesterol level was significantly 

decreased when dietary β-sitosterol increased from 

0 to 4% for both tissue and blood cholesterol study 
(Figure 6). When 4% β-sitosterol added to food in 

treatment 5, total blood cholesterol was 

significantly decreased as 0.8653 mg/dl than those 
fishes who received HCD-feed only as well as that 

was one fold lower than the control group. Tissue 

cholesterol analyses also support the significant 

decrease trend of cholesterol level after adding 4% 
β-sitosterol diet in food. This result suggested a 

clear evidence of efficacy of β-sitosterol in 

reducing cholesterol level in HCD-fed zebrafish. 
Both tissue and blood cholesterol study confirmed 

the result but blood cholesterol study showed 

sharper and clearer result of the efficacy of β-
sitosterol on cholesterol level than tissue 

cholesterol study. 

 

The present investigation demonstrated clearly that 
4% β-sitosterol effectively reduced cholesterol 

level in HCD-fed zebrafish with positive fish 

growth. -sitosterol is one of the major 
phytosterols in higher plants. The phytosterols are 

very stable and intense processes (such as boiling, 
neutralization, bleaching, and deodorization) do 

not affect the phytosterol content of vegetables and 

fruits (Normen et al., 1999, Bortolomeazzi et al., 
2000). Moreau et al (2002) reported that due to 

poor solubility and bioavailability of phytosterols, 

the serum cholesterol–lowering effect of 
phytosterols is not consistent, and high dosages 

(up to 25 to 50 g/d for human) are required for 

efficacy. We observed significant positive effect of 

-sitosterol in reducing of cholesterol level when 
we used high dose (final concentration, 4% 

[wt/wt]) of -sitosterol in food in treatment 5 to 

zebrafish as compared to low dose in treatment 3. 
Therefore, our results with zebrafish suggest a 

similar trend of experimental results compared 

with above studies. 
 

Previous studies have shown -sitosterol to be 
effective in reducing plasma steroid concentrations 
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in short-term exposures in goldfish (MacLatchy 

and Van Der Kraak, 1995) and trout (Gilman et 
al., 2003). In the present study, the five-week 

treatment with 1% and 4% -sitosterol 
significantly reduces cholesterol level among 

treatment groups. The plasma total cholesterol 

level was markedly reduced in 4% -sitosterol fed 
group than the HCD fed group. Furthermore, the 

blood cholesterol level showed clearer evidence of 
significantly decreasing cholesterol level 

compared to the HCD-group and below the levels 

found in control fishes. The above result suggests 

that 1% and 4% -sitosterol was very effective in 
reducing cholesterol levels in HCD-fed adult 

zebrafish, indicating a higher potency of the -
sitosterol treatment. More specifically, 4% β-

sitosterol was highly significant in reducing 

cholesterol levels in HCD-fed fish than 1% β-
sitosterol, demonstrated a potential mode of action 

of -sitosterol on cholesterol status. Lowering 

cholesterol by -sitosterol slows the fatty buildup 
in the arteries, and in some cases can help reduce 

the buildup already there. This finding also 

suggested that a higher dose of -sitosterol could 
effectively work on target cholesterol without 

affecting food intake, survival and swimming 
pattern of fishes. 

Research reveals little information regarding direct 

mechanism of -sitosterol on reducing cholesterol 
level. Inverse correlations between plant sterol 

intake and cholesterol absorption have been 
reported in humans (Ellegard et al., 2000), 

hamsters (Ntanios and Jones, 1999; Carr et al., 

2002), and rabbits (Ntanios and Jones, 1999). The 

exact mechanism by which -sitosterol inhibit 
cholesterol absorption is not fully understood. Carr 
and Jesch (2006) proposed several mechanisms of 

cholesterol absorption by -sitosterol, including 
competition with cholesterol for solubilization in 

micelles within the intestinal lumen, interaction 

with digestive enzymes, co-crystallization with 
cholesterol to form insoluble crystals, and 

regulation of intestinal transporters of cholesterol 

etc. The major mechanism of action has long been 
assumed to be the competition between cholesterol 

and plant sterols for micelle solubilization (Ikeda 

and Sugano, 1983) although direct evidence is 

surprisingly limited. Gilman et al (2003) reported 

that goldfish exposed to -sitosterol in vivo for 
short periods experience changes in plasma 

cholesterol and lipoprotein dynamics as both HDL 

and total cholesterol concentrations are reduced. 
We determined that treatments of HCD-fed 

zebrafish with 4% -sitosterol reduced cholesterol 
levels as much as one fold lower than in zebrafish 

that received control diet and no other treatment. 

Fish having a body temperature that varies with 
the temperature of its surroundings preferentially 

use lipids rather than carbohydrates as an energy 

source and would be classified, using standards 
applied to mammals, as mildly hyperlipidemic and 

hypercholesterolemic, even when consuming their 

normal diet (Babin and Vernier, 1989). Treatments 

with 1% and 4% -sitosterol were able to reduce 
normal zebrafish hypercholesterolemia with 
successful functioning of zebrafish normal life 

cycle. 

 

CONCLUSION 
 

The findings of the present work provide valuable 

information and enrich knowledge on -sitosterol 
exposure to fish that can altered cholesterol 

dynamics and decrease cholesterol levels of HCD-
fed adult zebrafish. 1% and 4% HCD-fed resulted 

increases in cholesterol levels in blood and tissue 

plasma of adult zebrafish. At the same time, 1% 

and 4% -sitosterol can effectively reduces 
cholesterol levels in HCD-fed fish and sometimes 

below the levels found in control fishes as well as 

had positive effect on growth of fishes. More 

specifically, 4% β-sitosterol was highly significant 
in reducing cholesterol levels in HCD-fed fish than 

1% β-sitosterol, demonstrated a potential mode of 

action of -sitosterol on cholesterol status. 

Therefore, these results suggest that 4% -
sitosterol enriched diet can be more suitable and 

effective to use in the hypercholesterolemic 
zebrafish model study. Additional studies are 

necessary to examine the activity of -sitosterol to 
compare their physiologic roles in the animal 

model like human.  
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