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Abstract
A hypocholesterolemic effect of chickpea (CPH) and sardine protein hydrolysates (SPH) has been observed. Two main mech-
anisms could be involved in explaining this fact: the inhibition of cholesterol enterohepatic cycle and a post-absorptive reg-
ulatory pathway. We aimed to check whether these hypotheses were involved in the present study. Three groups of rats were 
given a single dose of a cholesterol-oil solution (HC), supplemented or not with CPH or SPH. The postprandial transcription 
levels of some genes involved in cholesterol metabolism were assessed in their livers. Four hours after feeding, the results 
showed that Mttp, Pltp, Cidec, Abca1, and Abcg1 gene expressions were similar among the different groups. Lcat mRNA was 
5.5-fold higher in CPH and SPH rats’ liver vs. HC, but this difference was not statistically significant. SPH tends to upregu-
late Ldlr expression, while CPH tends to upregulate Cyp7a1 transcription (2- and 8-fold, respectively, compared to HC rats, 
p=0.083 according to the Mann-Whitney test). Pon1 and Apoa1 were not affected by the hydrolysate supplementation vs. 
HC group. In conclusion, these results suggest that chickpeas and sardine protein hydrolysates exert hypocholesterolemic 
activity mainly by enterohepatic inhibiting the cholesterol cycle rather than modulating the postprandial gene expressions 
involved in cholesterol metabolism.
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Abbreviations: Abca1 and Abcg1 – ATP-binding cassette A1 and G1; C – control; Cidec – cell death inducing 
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Pltp – phospholipid-transfer protein; Pon1 – paraoxonase; qPCR – quantitative polymerase chain reaction; 
SPH – sardine protein hydrolysate.
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Introduction

The impact of food proteins, in particular their 
hydrolysates, on lipid homeostasis is now well estab-
lished. Indeed, they are no longer considered for their 
nutritional value only, but depending on their sources 
and preparation method, they could exhibit beneficial 
health properties [1–3]. However, the mechanism by 
which they could exert their bioactivities is still being 
debated. It was suggested that dietary proteins modu-
late cholesterol metabolism through two mechanisms. 
One involves the enterohepatic cycle, which inhibits 
cholesterol absorption and the induction of its excre-
tion, while the other concerns the role played by certain 
amino acids and peptides in hormonal signaling and 
constitutes a post-absorptive regulatory pathway [4–7].

Many works were undertaken in our laboratory to 
investigate whether and how fish and legume proteins 
could modulate cholesterol metabolism [8–12]. In our 
last works [13–15], chickpeas and sardine protein hydro-
lysates were tested on hypercholesterolemic rats, and 
a hypocholesterolemic effect was observed for both 
ingredients. Several mechanisms might be involved in 
explaining this bioactivity. It could be that the two hy-
drolysates would promote apo-B lipoproteins clearance 
from the bloodstream via the activation of low-densi-
ty lipoproteins receptor (LDLR), activate cholesterol 
elimination via its conversion to bile acids by activat-
ing the cholesterol 7 alpha-hydroxylase (CYP7A1), in-
hibit its absorption in the gut by decreasing its micellar 
solubility, and enhance HDL functionality by increas-
ing lecithin-cholesterol acyltransferase (LCAT) and 
paraoxonase (PON1) activities. Hence, this study was 
conducted to verify these hypotheses to check for pos-
sible postprandial gene transcription changes follow-
ing chickpea and sardine protein hydrolysates supple-
mentation in hypercholesterolemic rats.

Material and methods

Protein hydrolysate preparations

Sardine (Sardina pilchardus) and chickpea (Cicer 
arietinum) protein isolate preparation were previous-
ly described by Benomar et al. [15] and Yahia et al. [14], 
respectively. The crude protein contents were between 
87 and 90 percent as determined according to the AOAC 
method number 984.13 [16]. The obtained protein iso-
lates were hydrolyzed with Alcalase 2.4L (Novozyme, 
Denmark) under the same conditions: pH 8.0; 50°C, 

and enzyme: substrate ratio of 3 U/mg. The hydrolysis 
reaction was followed using the pH-stat method [17], 
and the mixture pH was continuously adjusted with a 
4 M NaOH solution. The reaction was stopped at a de-
gree of hydrolysis of 8% by heating the mixture at 90°C 
for 10 min. The protein hydrolysates were centrifuged 
at 5000×g for 20 min, and the soluble phase was ly-
ophilized (Christ, ALPHA 1-2 model, Germany) for the 
present study. Sardine (SPH) and chickpea (CPH) pro-
tein hydrolysates amino acids composition are present-
ed in Table 1.

Animal treatment

Twelve male Wistar rats, randomized into four 
groups of 3 each, were housed in cages in a room main-
tained at 22°C with a 12h cycle of light and dark. Rats 
were kept according to the general guidelines on using 
living animals in scientific investigation [18]. Through-
out the acclimatization period, the animals were given 
free access to tap water and standard chow.

On the day of the experiment, the rats (125±15 g) 
were fasted for 16 hours and then received, per gav-
age, 1.5 ml of a commercial oil (80% soy oil and 20% 

% SPH CPH

Isoleucine 4.1±0.0 4.9±0.1

Leucine 8.7±0.1 9.3±0.2

Valine 7.1±0.1 5.6±0.0

Methionine 3.4±0.0 1.2±0.1

Alanine 9.2±0.0 7.2±0.0

Tyrosine 3.1±0.0 1.9±0.0

Histidine 11.0±0.1 3.6±0.4

Tryptophane 5.9±0.1 0.7±0.1

Phenylalanine 12.7±0.0 4.5±0.2

Alanine 9.2±0.0 7.2±0.0

Glycine 8.4±0.1 5.2±0.2

Glutamate 8.9±0.1 10.9±0.6

Serine 3.9±0.0 7.3±0.2

Arginine 5.9±0.1 8.2±0.1

Lysine 8,5±0.9 8.6±0.2

Taurine 3.9±0.1 -

Table 1: The amino acid composition of chickpea and 
sardine proteins hydrolysates.

Note: SPH – sardine protein hydrolysate; CPH – chick-
pea protein hydrolysate.
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sunflower oil, Cevital, Bejaia, Algeria) mixed with one 
of the following:

•	 75 mg of cholesterol (Sigma-Aldrich Chemie, 
Germany) (HC group);

•	 75 mg of cholesterol + 200 mg of chickpeas hy-
drolysate (CPH group);

•	 75 mg of cholesterol + 200 mg of sardine hydro-
lysate (SPH group);

•	 A fasting group, without any supply, was con-
sidered as control (C).

The rats were anesthetized and sacrificed four 
hours after gavage. A piece (200 mg) of the same liv-
er lobe was excised and then immersed in 5 volumes 
of RNALater® (Sigma-Aldrich, MO, USA). Samples 
were incubated at 4°C overnight and then transferred 
to—20°C until their RNA extraction.

RNA extraction and purification

Total RNA was extracted and purified from 20 mg 
of tissues using a Quick-RNATM MiniPrep kit (Zymo 
Research, CA, USA) following manufacturer instruc-
tions. The RNA concentration and purity were checked 
by measuring absorbance at 280, 260, and 230 nm in a 
SPECTROstar Nano (BMG Labtech, Germany).

To check the RNA integrity, samples were run on 
1% agarose gel electrophoresis stained with ethidi-

um-bromide. The gel was then exposed to UV light, and 
images were captured (BioRad, Madrid, Spain) to check 
for the presence and intensity of 28S and 18S ribosomal 
RNA bands. Equal amounts of DNA-free RNA from each 
sample were used in reverse transcription and quanti-
tative polymerase chain reaction (qPCR) analysis.

RNA reverse transcription

The mRNA was reverse-transcribed using the 
Thermo Scientific™ First Strand cDNA Synthesis kit 
(CA, USA) in a PTC-100 TM Thermal Cycler (Bio-Rad, 
CA, USA). The samples were then heated to 70°C for 
5 minutes, and the DNA was stored at -40°C.

Gene expression level analysis

Gene expression was analyzed on StepOnePlus 
Real-Time PCR (Applied Biosystems, USA). According 
to the manufacturer’s instructions, qPCR reactions 
were performed using Power SYBR Green (Applied 
Biosystems, CA, USA). Peptidyl-prolyl cis-trans isomer-
ase B (Ppib) gene was used to normalize gene expres-
sion. Primers (Table 2) were designed and checked by 
BLAST analysis (NCBI) to verify the specificity and se-
lective amplification of the target gene, and the speci-
ficity of the PCR reaction was confirmed by observing 

Gene symbol Accession Sequence

Abca1 NM_178095 Sense: TCGGCTGGTATCGATTTCACA 
Antisense: GGTCCCAGTACCCATCCTTGAT

Abcg1 NM_053502 Sense: TCTGACCTTTCCCCTCGAGAT 
Antisense: AGTACACGATGCTGCAGTAGGC

Apoa1 NM_012738 Sense: GGCAGAGACTATGTGTCCCAGTTT 
Antisense: TTGAACCCAGAGTGTCCCAGTT 

Cidec NM_001024333 Sense: TCACTGTCCAGGCATGTAGCA 
Antisense: CCTTTGCGAACCTTCCGAT

Cyp7a1 NM_012942.2 Sense: CATTACAGAGTGCTGGCCAAGA 
Antisense: CTGTCCGGATATTCAAGGATGC

Lcat NM_017024 Sense: GGCTGTGCTACCGAAAGACAGA 
Antisense: GACAACCCTGGTGTTATCAATCCA

Ldlr NM_175762.3 Sense: GACTGCAAGGACAAGTCGGA 
Antisense: GCACTGGGTCACATTGATGC

Mttp NM_001107727.1 Sense: GAAAAATCGGGTGGCTGTGG 
Antisense: GGGTACTGGGAGAACTGCAC

Pltp NM_001168543 Sense: GTTGAATGAGCGTATCTGGCGT 
Antisense: CAACAGTGACGAAGCCTGCAT

Pon1 NM_032077 Sense: GGACTGGTGTTGGCACTTTACA 
Antisense: CACCCGCTTCGATTCCTTTA

Table 2: Primers sequences.

http://www.rjdnmd.org
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a single dissociation curve. Each primer concentration 
was adjusted for a PCR efficiency between 90 and 110%. 
The relative amounts of mRNAs were calculated by the 
2(-ΔΔCT) method. Each sample was performed in duplicate.

Statistical analysis

Values are expressed as means±standard deviation 
(M±SD). Statistical analysis was performed using the 
Kruskal Wallis-ANOVA non-parametric test compared 
to the HC group. Values were considered significant 
at p<0.05.

Results and discussion

Hepatic Lcat gene expression was approximately 
5.5-fold increased in CPH and SPH rats vs. HC (Table 3), 
even though the difference was not statistically signif-
icant (p=0.100). This was concomitant with our previ-
ous finding that both hydrolysates, given to hypercho-
lesterolemic rats for a month, did not enhance LCAT 
activity [13]. Bettzieche et al. [7] also reported no effect 
of lupin protein on this gene. In contrast, Shukla et al. 
[6] noticed an Lcat gene up-regulation after fish protein 
consumption. 

According to Table 3, liver Mttp, Pltp, and Cidec 
gene expressions did not differ in treated groups com-
pared to HC, suggesting that the tested products did 
not increase the rate of lipoprotein synthesis or stor-
age. Abca1 and Abcg1 transcripts did not show a differ-
ence among groups either.

Cholesterol 7 alpha-hydroxylase gene transcription 
was respectively 2.5- and 8.4-times increased in SPH 

and CPH vs. HC liver, whereas the statistical difference 
could not be found (p=0.054). Shukla et al. [6] reported 
that gene expression of Cyp7a1 did not differ after fish 
protein feeding. Hosomi et al. [4] reported that fish pro-
tein hydrolysate supply stimulates the hepatic activity 
of cholesterol 7 alpha-hydroxylase compared to a C 
group (without cholesterol). Whereas, compared to HC 
rats, the fish protein group did not show a significant 
difference in liver Cyp7a1 gene expression, which con-
firms our findings (Figure 1). Same findings were also 
reported with soy proteins compared to HC rats [19].

In our previous study, the cholesterolemia was 
decreased in HC rats given SPH and CPH for a month, 
and by analyzing the present findings, the hypocho-
lesterolemic mechanism could not be explained by the 
postprandial modulation of Cyp7a1 gene expression. 
Indeed, according to Zhao, Wright [20], and Staels, 
Fonseca [21], the up-regulation of Cyp7a1 is mainly a 
result of long-term liver cholesterol accumulation. 
The long-term hypocholesterolemic property of SPH 
and CPH found by Dehiba et al. [13] could then be at-
tributed to the ability of some hydrophobic peptides 
to inhibit the cholesterol micellar solubility and their 
higher binding capacity with bile acids [22] conducting 
possibly to the increase in bile acids synthesis. This was 
also confirmed by the high fecal cholesterol contents 
in [14, 15].

It was suggested that the high contents of taurine 
and/or glycine in fish and chickpeas could play an im-
portant role in bile acid secretion [12, 14], enhancing, 
then, a fall in cholesterol liver and serum levels. This 
leads to a decrease in the level of hepatic cholesterol, 
thus promoting an increase in LDLR activity, which pu-
rifies cholesterol from the bloodstream. In this work, 

Table 3: Postprandial liver gene expression levels (arbitrary unit) with no significant differences between rats in 
response to different protein supply.

Note: Values are means±standard deviation. HC – high cholesterol group; SPH – sardine protein hydrolysate group; 
CPH – chickpea protein hydrolysate group; C – control; Lcat – lecithin-cholesterol acyltransferase; Mttp – micro-
somal triglyceride transfer protein; Cidec – cell death inducing DFFA like effector C; Pltp – phospholipid-transfer 
protein; abca1 and Abcg1 – ATP-binding cassette A1 and G1.

HC CPH SPH C Kruskal-Wallis 
(p-values)

Lcat 1.2±0.6 5.7±0.9 6.3±0.3 3.6±1.3 0.100

Mttp 1.0±0.2 1.7±0.3 2.2±1.4 1.5±0.3 0.186

Cidec 1.0±0.1 2.3±2.0 2.7±1.4 0.9±0.2 0.230

Pltp 1.0±0.4 1.5±1.0 2.9±0.4 1.2±0.5 0.152

Abca1 1.8±2.1 1.3±0.9 0.6±0.2 0.7±0.3 0.637

Abcg1 1.0±0.3 1.4±0.8 1.3±0.2 0.8±0.1 0.624
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the liver contents of Ldlr mRNA were 2 times increased 
in the SPH group vs. HC (Figure 1) but with no statisti-
cal significance. Hosomi et al. [4] reported that dietary 
fish hydrolysate did not influence the liver gene expres-
sion levels of Ldlr. But, in another work, Shukla et al. 
[6] found that the liver of rats fed fish protein expressed 
higher relative Ldlr mRNA concentrations than in rats 
fed casein. Here again, this effect could be explained by 
the long-term diet supply and not by the postprandial 
regulation of fish protein.

CPH did not, nor did it modulate Ldlr expression. 
Bettzieche et al. [7] reached the same results using lupin 
protein, where they remarked no significant alteration 
in Ldlr gene transcription, as well as Lcat and Cyp7a1. 
Contrarily, in hepatic cell culture, Cho et al. [23] and 
Lammi et al. [24] pointed out an increase in Ldlr tran-
scription levels by soy and lupine protein hydrolysates, 
respectively. Peptide transformation in the gastro-
intestinal tract could be the explanation for the dis-
crepancy in results. At the same time, it is difficult to 
compare these studies since they were not carried out 
under hypercholesterolemic or the same physiologic 
conditions.

We also reported in [13] that chickpea and sardine 
hydrolysates enhanced paraoxonase activity in HC rats. 
However, the increase in paraoxonase gene expression 

in CPH and SPH rat livers, compared to the HC group, 
was not significant (>2.2-fold; p=0.057). Apoa1 mRNA, 
an activator of PON1 [25], was also found to increase 
after an SPH and CPH supplementation (>2-times; 
p=0.054), compared to HC rats (Figure 1). This disagree 
with Shukla et al. [6] results. In the studies of Yahia et 
al. [14] and Benomar et al. [15], the serum APOA1 con-
tents did not differ in HC rats after SPH and CPH sup-
plementation. However, according to Dehiba et al. [13], 
PON1 activity was enhanced in SPH and CPH groups vs. 
HC. This could confirm a non-postprandial regulatory 
effect of both hydrolysates.

Conclusion

Since SPH and CPH did not significantly change 
the expression of the genes involved in cholesterol me-
tabolism, it could be concluded that their hypocholes-
terolemic property is mainly due to a gastrointestinal 
pathway inhibiting the enterohepatic cholesterol cy-
cle. However, we cannot exclude the fact that these two 
nutraceuticals may also modulate the expression of the 
cholesterol metabolism genes, but this could be pos-
sible after a long-term administration of the protein 
hydrolysates.
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Fig. 1 Postprandial Lxrα, Cyp7a1, Ldlr, Apoa1, and Pon1 gene expression levels in response to 
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Note:   Mean  Mean±SEM  Mean±SD. The p values were estimated according to the 
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cholesterol 7 alpha-hydroxylase; Ldlr: low density-lipoprotein receptor; Pon1: paraoxonase 
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cholesterol 7 alpha-hydroxylase; Ldlr: low density-lipoprotein receptor; Pon1: paraoxonase 
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