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Abstract  

Bone diseases are increasingly reported as a challenging dilemma in a health care setting, due to limited 

therapeutic options, slow response of bone diseases to therapy and long-term needs to induce effects. Omega-3 

Fatty acids (ꞷ3FA) have recently been introduced in the treatment of some bone diseases mainly as adjuvant 

therapy. Herein we explored the potential therapeutic effects of ꞷ3FA on bone formation and resorption in adult 

female rats if any. To do so, serum samples were collected from rats treated with ꞷ3FA versus the control group 

and the serum was analysed for determination of the levels of “vitamin D, IGF-1, Alkaline phosphatase activity, 

Calcium, Phosphorus and Albumin” alongside femur bones were collected for bone ash study of rats treated with 

ꞷ3FA versus a control group. Results showed a significant increase in vitamin D, Calcium, Phosphorus, and 

albumin and a significant reduction in alkaline phosphatase activity, Insulin-like growth factor-1 (IGF-1) in a 

group which gave 20 mg/kg of ꞷ3FA compared to the control group, while treatment animals with 40 mg/kg of 

ꞷ3FA caused a significant reduction in vitamin D and Phosphorus also a significant increasing in IGF-1, 

Alkaline phosphatase activity, and Albumin. Also, there was a significant increase in calcium and phosphorus 

content in bone ash of the group which took 20 mg/kg ꞷ3FA while these contents were reduced in bone ash of 

the group taking 40 mg/kg ꞷ3FA.  
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Introduction  

Omega-3 Fatty acids (ꞷ3FA) refer to the location of the unsaturation bond relative to the 

omega end of this fatty acid. So the PUFAs ꞷ3FA include fatty acids which are formed from 

other fatty acids or diets, and then converted in the body(Hahn et al.,2022; Ramirez et al., 

2019). There are four major ꞷ3FA, “α- linolinic acid (ALA), eicosapentaenoic acid (EPA), 

docosapentaenoic acid (DPA), and docasahexaenoic acid (DHA)”. In the body, ALA has 

converted into EPA and then DPA and then to DHA. EPA and DHA are considered the main 

two ꞷ3FA which have bioactivity of “polyunsaturated fatty acids”. Polyunsaturated fatty 

acids have a critical function in the fluidity and integrity of the structure of the membrane, 

and also have a role in the expression of genes and substrate in the synthesis of mediators like 

eicosanoids (Husson et al., 2016; Chen et al., 2021). ꞷ3FA have a good abundance in nature 

and they are a member of some supplements like GRAS(Generally recognized as safe) which 

are generally identified as safe. ꞷ3FA like EPA and DHA has an inflammatory effect (Mc 

Claskey et al., 2007; Hathaway et al., 2020). The ability of EPA and DHA for reducing 

inflammations came from their ability to decrease the arachidonic acid(ARA) in 

phospholipids that are found in the membrane which is responsible for producing ARA-Lipid 

mediators and inflammation process(Calder P, 2015; Calder P, 2017). ꞷ3FA also can reduce 

triacylglycerides and heart disease, in addition, ꞷ3FA showed positive effects on patients with 

hypertriglyceridemia, and reduce blood pressure, also inflammation process(Marijana and 
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Carla, 2021; Skulas et al., 2019). ꞷ3FA has a good role in regulating bone metabolism, and its 

positive effects on bone mineral density (Lavado et al., 2018; Saini and Keum, 2018). ALA, 

EPA and DHA have an important role in osteoblastogenesis control and inhibited the 

resorption of bone (Kelly et al., 2013). The major origin of ꞷ3FA is fish which protect the 

liver, kidney and cardiovascular system (Marco et al., 2021; Miles and Calder, 2017). ꞷ3FA 

was used in clinical parenteral nutrition(Hylde et al., 2020). Therefore, the present study was 

applied to investigate the effects of different normal doses of ꞷ3FA in some parameters of 

bone. 

 

Methodology  

1.  Animals and Experimental Design: Fifteen female rats (3.5-4 months) weighing (200-230) 

gm were kept at conditions of temperature between 22-25 Cº, 12h light -12h dark in the 

animal's house in the college of veterinary medicine of Mosul university. Water and a 

standard diet were given. All rats were divided as follows, 5 rats for each group: 

Group 1: Considered control group, and given D.W 

Group 2: Rats were orally given 20 mg /Kg ꞷ3FA 

Group 3: Rats were orally given 40  mg /Kg ꞷ3FA  

2. Blood Collection: After the experimental period (40 days), the blood samples have 

withdrawn from the optical vein and left at room temperature to set and clot, and serum is 

collected and stored at -20 Cº for biochemical estimations(Elizabeth et al., 2021; Chawla, 

2020).  

3. Biochemical tests: Rat IGF-1 (Insulin-Like Growth Factor) and Vitamin D in serum 

determined by using ELISA kits from Elabscience company(Oster et al., 1995). 

Spectrophotometric estimation of serum alkaline phosphatase activity was done using the 

Biomerieux kit depending on Belfeld and Goldberg method (Wang et al., 2009). Biolabo, 

France kits were used to determine serum calcium and phosphorus spectrophotometrically. 

Albumin was estimated using a spectrophotometric kit (Al-Hakeim et al., 2022).  

4. Bone ashing: After removing the soft tissues, the right femur bone was weighed, dried and 

incineration in muffle apparatus at 600 Cº for 12 hours. The ash was weighed and dissolved in 

6NHCL, then converted into (100 ml) volumetric flask and completed the volume with 

6NHCL. Calcium in bone ash is estimated according to the titration method(Yang et al., 

2008). Inorganic phosphate in bone ash was determined spectrophotometrically by Plummer's 

method(Al-Hashemi et al., 2013). 

 

Data Analysis 

Statistical Analysis: All results expressed as means± S.D. Statistical significance was 

evaluated by one-way analysis of variance (ANOVA)  using the SPSS test selector which was 

used to compare all groups within probability(p≤0.05)(Umakantha N, 2016). 

 

Results   

Serum vitamin D was significantly elevated in group 2 treated with 20 mg/kg of ꞷ3FA in 

comparison to the control group as shown in table (1), while there was a significant (p≤0.05) 
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reduction in vitamin D in the group 3 that received 40 mg/kg compared with a control group 

and group 2. Table (1)  also shows a significant (p≤0.05)  reduction in IGF-1 levels in groups 

2 and  3 in comparison with the control group, but group 3 which was treated with 40 mg/kg 

increase in IGF-1 levels significantly compared with group 2 which treated with 20 mg/kg but 

not returned to the level of the control group. The results in table(2) revealed a significant 

(p≤0.05)  reduction in alkaline phosphatase activity in group 2 given 20 mg/kg compared with 

the control group. Although treatment of rats in group 3 with 40 mg/kg ꞷ3FA caused a 

significant (p≤0.05) elevation in the activity of alkaline phosphatase compared with the 

control group and group 2( given 20 mg/kg). Serum calcium was increased significantly 

(p≤0.05) by increasing the dose of ꞷ3FA, so there was a positive relationship between serum 

calcium and doses of ꞷ3FA as shown in table 2. Serum phosphorus was significantly (p≤0.05) 

elevated in group 2, given 20mg/kg compared with the control group, while there was a 

significant (p≤0.05) decrease in phosphorus in group 3 given 40 mg/kg ꞷ3FA in comparison 

with the control group and group 2(given 20 mg/kg). Results in Table 2 indicated the 

covariant increase in serum albumin in group 2 and group 3 that were treated with 20 mg/kg 

and 40 mg/kg of ꞷ3FA respectively, this increase in serum albumin with increasing the doses 

of ꞷ3FA consort with increasing of serum calcium levels. The results in table 3 showed a 

significant (p≤0.05) elevation in calcium percentage of bone ash in group 2 which was given 

20 mg/kg compared with the control group. But a significant (p≤0.05) decrease in calcium 

percentage was noticed in bone ash of group 3 given 40 mg/kg compared with group 2 and 

the control group. Also, table 3 shows a significant increase in phosphorus percentage in bone 

ash of group 2 given 20 mg/kg and group 3 given 40 mg/kg ꞷ3FA in comparison with the 

control group. 

 

Table 1. Effect of different doses of ꞷ3FA in serum Vitamin D, IGF-1 

Treatments Vitamin D ng/ml IGF-1 ng/ml 

Control 167.238±77.648 b 188.093±16.086 a 

20 mg/kg 242.980±41.245 a 107.662±52.274ab 

40 mg/kg 124.949±41.146 ab 158.204±45.126 b 

The values represent the mean± SD for 5 animals/group. 

Different letters in the vertical mean a significant variance. 

 

Table 2. Effect of different doses of ꞷ3FA in serum ALP activity, Ca, P and Albumin 

Treatments ALP (U/L) Ca (mg/dl) P (mg/dl)  Albumin (mg/dl) 

Control 69.862±6.029b 8.472±0.723ab 7.692±0.493 b   3.637±0.472ab 

20 mg/kg 45.155±7.962ab 10.415±0.240b 8.712±0.850 a   5.667±0.441 b 

40  mg/kg 144.44±26.083a 12.365±0.459a 6.837±0.803ab   6.902±0.442 a 

The values represent the mean± SD for 5 animals/group. 

Different letters in the vertical mean a significant variance. 

 

Table 3. Mineral contents in bone ash of right femur from studies groups 

Treatments  %  Calcium  %  Phosphorus  

Control 29.0±0.400 ab 12.26±0.087 ab 

20 mg/kg 34.5±0.425 b 15.28±0.038 b 
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40 mg/kg 42.2±0.435 a 16.09±0.190 a  

The values represent the mean± SD for 5 animals/group. 

Different letters in the vertical mean a significant variance. 

 

Discussions  

The treatment of the rats (group 2) with 20 mg/kg ꞷ3FA causes a considerable decline in 

serum alkaline phosphatase in comparison to the control group, this result revealed the 

improvement role of a small dose of ꞷ3FA on osteogenesis. Our result is in line with Habib et 

al., 2020, were noticed a significant reduction in alkaline phosphatase and gamma-glutamyl-

transferase after supplementation the diabetic patients with ꞷ3FA. On other hand, 40 mg/kg 

of ꞷ3FA that was given to group 3 caused a high elevation (p≥0.05) in alkaline phosphatase 

activity in comparison with the control group and group 2. This upregulation in the activity of 

alkaline phosphatase in group 3 may be responsible for the uplifted rate of bone turnover, 

which indicated an increase in both formation and resorption, but the resorption process 

exceeds the bone formation, which leads to loss of bone since Rachel et al., 1992 referred to 

the elevation of serum alkaline phosphatase and acid phosphatase in rats with ovariectomy 

lead to a high bone turnover rate, because of the high osteoblastic and osteoclastic activity, 

that leading to in net bone loss. There is a bone turnover that which bone resorption increased, 

so bone formation also increased, but resorption more than formation (El-Wakf et al., 2015; 

Hassan et al., 2013). These findings implied the importance of the dose, which means the 

improvement in bone after ꞷ3FA supplementation is dose-dependent. A significant elevation 

in vitamin D was noticed in the group supplemented with 20 mg/kg ꞷ3FA, while group 3 

which was supplemented with 40mg/kg ꞷ3FA showed a decrease in the level of vitamin D 

compared with the control group and group 2. These results indicated that a dose of 20 mg/kg 

is better than a dose of 40 mg/kg. There is a good relation between ꞷ3FA and vitamin D 

(Jaafarnejad et al., 2013). As known the active form 1,25(OH) D is produced by the 1α 

hydroxylase enzyme in the kidney. ꞷ3FA-PUFAs enhance the level of “1,25-dihydroxy 

vitamin D” level in dialysis patients (An et al., 2012). The decrease in serum levels of vitamin 

D in group 3 which was treated with 40 mg/kg, may result from the inhibition of the 1α- 

hydroxylase enzyme because the high of level of the enzyme. This result shows, that too 

many ꞷ3FA doses have a negative effect on vitamin D3 levels and activation of 1α- 

hydroxylase. The results showed a significant decrease in IGF-1 in group 2 which treated 

ꞷ3FA at a dose of 20 mg/kg, this result agrees with a study by (Lindsay et al., 2013), Who 

proposed the concentrations of glucose, Insulin and IGF-1 decreased but the concentration of 

IGF binding protein-3 (IGF BP-3) increased when low-fat diet with or without ꞷ3FA was 

given. In addition, growth hormone GH and IGF-1 levels were decreased in old ageing. 

However study in Singapore reported a relation between IGF BP-3 and too much intake of 

ꞷ3FA(Mayer., 1993). Some studies have shown no relationship between IGF-1, ꞷ3FA and a 

low-fat diet(Aronson et al., 2011). 

The elevation in serum calcium may result from increases in the calcium absorption through 

the intestine (Heaney et al., 2005), they noticed an increase in the absorption of calcium in 

humans when supplemented with ꞷ3FA fatty acid. Our data revealed a significant increase in 
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serum calcium levels after being treated with ꞷ3FA, this result agrees with(Sun et al., 2004), 

they were reported an association between fish oil and calcium in osteoporotic rats, these 

results boost the hypothesized mechanism of excretion and calcium absorption can be 

adjusted after fish oil intake. ꞷ3FA, have a favourable effect on the health of bone by a 

melioration of the balance of calcium and bone turnover. An increase in calcium content in 

the bone of the femur rats was noticed in our study. The ꞷ3FA influence the structure of bone 

by its effect on osteoclastic and osteoblastic differentiation and their activity (Lau et al., 2013; 

Lavado et al., 2018).  

Our present study revealed a significant elevation in phosphorus level of group 2 that was 

treated with 20 mg/kg in comparison to the control group, but serum phosphorus in group 3 

which was given  40 mg/kg ꞷ3FA was decreased compared with the control group and group 

2. Table 2 showed a significant elevation in bone phosphorus in group 2 that was treated with 

20 mg/kg in comparison with the control group, also there was a significant elevation in bone 

phosphorus in group 3 that was treated with 40 mg/kg ꞷ3FA. This elevation in serum and 

bone phosphorus in group 2, refers to the improvement in bone mineral content, this result 

agrees with (Lau et al., 2013; Hamdoon et al., 2000; Silverman et al., 2015) who denoted, that 

fish oil which contains too much of DHA and EPA levels make rats with high bone mineral 

density and stronger bone than rats that given soybean oil, which contain a good source of 

ALA. The low level of serum phosphorus in group 3 that was treated with 40 mg/kg ꞷ3FA 

may result from renal excretion. Our result showed a significant increase in albumin with 

increasing the dose of ꞷ3FA, this elevation consort with the increase of serum calcium levels. 

Some chronically used drugs were reported to be associated with side effects on kidney 

(Merkhan et al., 2022), thyroid glands (Merkhan, 2013a; Faisal et al., 2020), liver (Abdulqader 

et al., 2022), lipid profile (Merkhan, 2013b; Abdulrazzaq et al., 2020; Abdullah et al., 2021, 

Almukhtar et al., 2021), immune system (Faisal  et al., 2019; Merkhan et al., 2020a; Almukhtar et 

al., 2022), or multiple sclerosis (Abdullah et al., 2012). In these cases, ꞷ3FA could find an 

application as an adjuvant therapy to protect these vital organs either alone or combined with 

vitamins (Sulaiman et al., 2021; Merkhan et al., 2020b), minerals (Althanoon et al., 2021; Younis et 

al., 2022), or herbal remedies (Hamed et al., 2022). Nonetheless, these steps need approval via 

conducting in vivo experimental animal study and once approved, large scale application in 

human is wisable. 

The limitation of the present study is small sample size, using ꞷ3FA instead of ꞷ3and/or 

ꞷ6FA or a mixed. Another drawback of the study, is that only two doses were tested while its 

wisable to use a range of doses in such study. The duration of therapy might needs to be 

extended further to achieve better outcome. 

 

Conclusion 

We concluded from our study, The importance of the selection of the appropriate dose of 

ꞷ3FA to keep healthy bones and fit level of minerals. 
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