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Does dietary intake of acrylamide affect hydroxyproline levels? an animal study
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Abstract

Acrylamide is a chemical that occurs due to high temperatures during cooking. It consists of an amino acid found in foods and sugars. Studies have shown that cancer 
formation occurs within the scope of oxidant reagents and DNA damage due to exposure to acrylamide. Our study aims to examine the effects of dietary acrylamide intake 
on plasma hydroxyproline levels in rats. In this study, 4 groups were formed with 8 rats in each group (total number=32). Blood samples were collected on days 14 and 28. 
Acrylamide solution was applied to each rat in the treatment group by gastric gavage process at 5 mg/kg three times a week. Hydroxyproline levels in rats’ plasma samples 
were measured. The median (IQR) hydroxyproline levels were 7.40(2.45) µg/L in group 1 (14. days control group) and 7.98(3.34) µg/L in group 2 (14. days acrylamide 
applied) who received acrylamide. The mean hydroxyproline levels were 7.25(1.96) µg/L in group 3 (28. days control group) and 9.76(2.64) µg/L in group 4 (28. days acryl-
amide applied) who received acrylamide. No difference was observed between the groups. Dietary acrylamide intake did not have a significant effect on hydroxyproline 
levels at the application dose and duration in our study. 
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Introduction

Hydroxyproline is found in the body's collagen. Which is one of 
the basic structural proteins of the body, such as bone cartilage. 
Collagen production and destruction in the body can change with 
food intake. Nutrition with collagen-boosting foods is especially 
important for reducing the effects of aging and bone metabolism. 
Collagen has a great place in the healing of post-traumatic bone and 
soft tissue injuries [1].  In recent years, studies on hydroxyproline 
metabolism and nutrition have increased [2,3]. Hydroxyproline 
is one of the biomarkers of bone resorption. Hydroxyproline is 
an amino acid derived from the post-translational hydroxylation 
of proline. Hydroxyproline provides approximately 12-14% 
of the total amino acid content of mature collagen. During the 

breakdown of bone collagen, about 90% of hydroxyproline is 
released and subsequently metabolized in the liver [4]. In a study, it 
was shown that the increase in urinary hydroxyproline increased the 
degradation of type I collagen from the bone matrix in osteoporotic 
women [5]. Although hydroxyproline is primarily used as a 
resorption biomarker, about 10% of hydroxyproline is derived from 
newly synthesized procollagen peptides during bone formation. In 
addition, hydroxyproline can be found in other tissues such as skin 
and cartilage [6]. As a result, hydroxyproline has been accepted as 
a non-specific bone resorption biomarker of the collagen cycle [7].

Acrylamide; is a chemical formed during cooking above 1200C. 
It is formed after exposure to high heat from asparagine. This 
substance, first discovered in 2002, has been shown to have a 
carcinogenic effect in rat models. Large amounts of acrylamide 
are taken daily through diet. Acrylamide is present in many 
everyday foods such as fries, coffee, and chips. In addition, it has 
neurotoxic and apoptosis-increasing effects on the body. What are 
the interactions of these two substances, whose metabolism in the 
body is directly affected by the foods we take? The effect of dietary 
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acrylamide intake on hydroxyproline has not been investigated in 
previous studies [7,8]. Our study aimed to examine the effects 
on plasma hydroxyproline levels in rats that received and did not 
receive acrylamide.

Material and Methods 

Animal grouping

Local animal ethics committee approval was obtained for 32 adult 
Wistar albino male rats weighing 215-260g included in this study 
(date:24.02.2020, no:65202830-050.04.04-365).

The application of acrylamide and taking the samples from the 
experimental animal model was carried out at the Sivas Cumhuriyet 
University Experimental Animal Unit. The rats were cared for and 
fed by providing water and feed ad libitum in metal cages with a 
base, at room temperature of 22–24˚C and humidity of 55%, in a 
12-hour light/12-hour dark environment.

In the study, 8 rats were formed from 4 groups, each treatment, and 
a control group on the 14th and 28th days. (a total of 32 rats) (group 
1:14. days control group, group 2:14. days acrylamide treatment 
group, group 3:28 days control group, group 4:28 days acrylamide 
treatment group). Acrylamide (Sigma-Aldrich Chemical Co. St. 
Louis, USA) solution was applied to each rat in the treatment 
group by gastric gavage process at 5mg/kg three times a week. 
Acrylamide was given three times a week to prevent esophageal 
irritation. Then, without animal sacrifice, blood samples were 
taken from groups 1 and 2 on the 14th day, and from groups 3 and 
4 on the 28th day. 

Collection of Blood Samples

For the measurement of hydroxyproline in treatment and control 
groups of rats, 2mL blood samples were collected into sterile 
citrate tubes. Blood sample collection through a cardiac puncture 
in the rat. Plasma was obtained by centrifuging the collected blood 
samples at 1000xg for 15 minutes. The obtained samples were 
placed in Eppendorf tubes and stored at -80°C until analysis.

Hydroxyproline Levels Assay

Hydroxyproline levels in rats’ plasma samples were measured using 
the ELISA kit (Catalog no: SG-20734 Sinogeneclon Co., Ltd., 
CHINA) according to the manufacturer's protocol instructions. 
The range of maximum and minimum detectable values of the 
hydroxyproline ELISA kit was 1–20µg/L and the sensitivity was 
0.5µg/L. The plate was washed with the Bio-Tek ELX50 automatic 
washer (BioTek Instruments, USA), and absorbance readings were 
measured with the Microplate Reader device (BioTek, Epoch, 
USA). Test results of hydroxyproline were expressed in µg/L. 

Statistical analysis

The conformity of the data in the study to the normal distribution 
was evaluated with the Shapiro-Wilk test. As a result of the 
evaluation, the Mann-Whitney U test was used to compare the 
distributions of two independent groups. Descriptive statistics 
were expressed as the Median (IQR). Statistical significance was 
accepted as p<0.05. To evaluate the data, the IBM SPSS Statistics 
version 22 (IBM SPSS for Windows version 22, IBM Corporation, 

Armonk, New York, United States) package program was used.

Results 

Figure 1 shows the flowchart of the study. None of the rats in all 
groups died during the study period. All rats well tolerated the 
administration and no significant weight loss was observed until 
the end of the experiment. Table 1 shows the hydroxyproline 
plasma levels. When the distribution of group 1 and group 2 
was examined, no statistically significant difference was found, 
although the concentration increased in group 2 (p>0.05). 
Similarly, when the distributions of Group 3 and Group 4 were 
compared, no statistically significant difference was found, 
although the concentration of group 4 increased compared to group 
3 (p>0.05). When the distributions of group 2 (control on the 14th 
day) and group 4 (acrylamide on the 28th day) were examined, the 
prolongation of the time increased the amount of concentration, 
but no statistically significant difference was found in this increase 
(p>0.05) (Table 1).

Table 1. All groups hydroxyproline plasma levels (µg/L)

Hydroxyproline levels n Median a< p-Value

Grup 1 Control (14. day) 8 7.40(2.45)
0.270

Grup 2 Acrylamide (14. day) 8 7.98(3.34)

Grup 3 Control (28. day) 8 7.25(1.96)
0.066

Grup 4 Acrylamide (28. day) 8 9.76(2.64)

Grup 2 Acrylamide (14. day) 8 7.98(3.34)
0.248

Grup 4 Acrylamide (28. day) 8 9.76(2.64)

Mann whitney u testi, p<0.05*

Discussion

This study was designed to investigate the effect of 5 mg/kg 
three times a week dose administration of acrylamide on rat 
hydroxyproline plasma levels. The present study showed that the 
controls and the rats administered with acrylamide did not show 
any significant difference in terms of hydroxyproline plasma 
levels. Several studies examine the effects of acrylamide on body 
health [9]. This is the first study examining the effect of acrylamide 
administration on plasma hydroxyproline levels.

Our study stands out in terms of showing the interaction of 
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acrylamide, which is often taken with diet, and hydroxyproline, 
an important structural protein of the body. The daily dietary 
intake of acrylamide is gradually increasing. There is acrylamide 
contamination between 25-38% of the foods in the daily diet 
in the USA [10]. Therefore, this dose range suitable for daily 
dietary exposure was chosen in our study. Some studies; argues 
that the amounts of acrylamide consumed in the normal diet 
are insufficient to show that it is likely to cause adverse effects 
on human health, especially cancer [10,11]. On the other hand, 
acrylamide cytotoxicity was seriously emphasized in some rat 
studies [12,13]. According to the studies, it has been reported 
that oxidative DNA damage occurs in the liver tissues of rats due 
to the administration of acrylamide [14,15]. In another study, it 
was observed that acrylamide increased oxidative DNA damage 
and reactive oxygen species (ROS) levels in the BRL-3A rat liver 
cell line [16]. Acrylamide causes oxidative DNA damage; It has 
been determined that ROS is produced by apoptosis induction and 
disruption of mitochondrial membrane potential [17]. 

Hydroxyproline has an important role in the body. Therefore, their 
levels may be affected by diet. It is also important to know the 
factors that will affect it [18]. An appropriate nutritional regimen 
is very important for wound healing, especially after surgical 
treatment. Hydroxyproline is a good marker for determining 
the level of wound healing [19]. Hydroxyproline is required for 
glycine synthesis and glutathione (GSH) is synthesized from 
glycine [1,20]. GSH provides redox balance by playing a role in 
the scavenging of radical oxygen species [21]. Hydroxyproline 
increases upon degradation of collagen in cells due to oxidative 
stress response and hypoxia. Accordingly, hydroxyproline 
plays a role as an antioxidant [22,23]. It has been proven that 
hydroxyproline scavenges reactive oxidants [2,24] and affects 
the expression of antioxidant enzymes to maintain intracellular 
balance [1].

Our study did not show a significant difference in hydroxyproline 
blood levels in 28 days of dietary intake. Long-term and human 
studies are needed on this subject. Similar to our study, the 
difference in the long- and short-term effects of acrylamide was 
emphasized in the literature [25]. Our study was important in 
terms of the effects of acrylamide in the acute phase. In addition, 
the effects of acrylamide in the chronic period should be examined 
in future studies.

How does acrylamide affect bone-collagen metabolism as well 
as hydroxyproline metabolism? This is not clear in the literature. 
But we know that acrylamide inhibits autophagy via blocking 
autophagic flux and induces cell apoptosis [26]. Besides exposure 
to acrylamide dysregulated the expression of skeletal development-
related genes. Exposure to acrylamide suppressed the maturation 
of osteoblasts and cartilage matrix and promoted the formation 
of osteoclasts. The toxicity of acrylamide might translate to the 
next generation [27]. Our study emphasized the effect of short-
term acrylamide when exposed to the diet. Long-term dietary 
acrylamide exposure also should be investigated in future research.

The authors are aware that the study has some limitations. The first 
of these; is the fact that the study was conducted in a single dose 
and was a short-term study. Second, the results of experimental 
animal studies are difficult to directly apply to daily clinical 
practice. 

Conclusion

The present pilot study aimed to investigate the effects of 
acrylamide on hydroxyproline in an experimental model in rats. 
According to our results, no significant effect of dietary acrylamide 
intake on short-term hydroxyproline levels was demonstrated at 
the application dose. Long-term experimental and clinical trials 
are needed to confirm our findings.
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