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Abstract: The aims of the present study were to examine the effects of D-galactose (DG) supplementation 
on plasma aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), creatinine, 
albumin, urea, bilirubin, cholesterol, and triglyceride. We also investigated the effects of Rosehip (Rosa 
canina L) fruit extraction and endurance exercise training on DG-induced changes in the aforementioned 
variables in male rats. Eighty-six male rats were randomly assigned to 8 groups 1) Control Saline 2) Training 
Saline 3) Control D-galactose 4) Training D-galactose 5) Control Rosehip 6) Training Rosehip 7) Control 
combined group and 8) Training combined group. Animals received experiments on the base of groups’ 
names (eight weeks and five times per week). Seventy-two hours after the last training or control session 
plasma was collected. The results showed that endurance training significantly increased plasma albumin 
while reducing ALT and creatinine. Rosehip significantly reduced plasma AST, creatinine, urea, cholesterol, 
and triglyceride, and increased bilirubin. A combination of training and Rosehip causes an additive effect 

HIGHLIGHTS 
 

• Exercise increases plasma albumin, while reducing ALT and creatinine.  

• Rosehip reduces AST, creatinine, urea, cholesterol, and triglyceride.  

• D-galactose increases ALT, AST, ALP, creatinine, urea, cholesterol, and triglyceride.  

• Rosehip adjusts the changes induced by D-galactose on some variables. 
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compared to each intervention alone on AST. The use of DG increased ALT, AST, ALP, creatinine, urea, 
bilirubin, cholesterol, and triglyceride, while decreasing albumin. The use of Rosehip in combination with DG 
was able to minimize DG-induced abnormal elevation on some variables. In conclusion, using a high dose of 
D-galactose solution or high galactose content foods could make a precondition background for the non-
alcoholic fatty liver which could be attenuated by crud Rosehip extraction. Thus, it seems that the Rosehip 
can be considered a hepatoprotective herb.  

Keywords: Albumin; aminotransferase (AST); bilirubin; cholesterol; creatinine; urea. 
 

 

INTRODUCTION 

D-galactose (DG) can be found in many food items such as nectarine, pepper (Capsicum pubescens), 
caraway, and common verbena [1]. Chronic D-galactose consumption (200 mg/kg, once a day for 8 weeks 
in mice) is harmful inducing oxidative stress, inflammation, and cell apoptosis [2]. DG consumption is 
associated with several disorders including heart, kidney, and liver disease [3, 4] as well as DNA damage in 
mice [5]. Generally, D-galactose hurts the body tissues and changes tissue and blood biochemical variables 
to abnormal levels [4-6].  

Alanine aminotransferase (ALT) [7, 8], aspartate aminotransferase (AST) [9], alkaline phosphatase 
(ALP) [10], cholesterol, triglyceride, bilirubin, creatinine, albumin, and urea are blood markers that are 
commonly used in clinical tests as indicators of liver, kidney and cardiovascular disease [10, 11]. Generally, 
changes in these markers are related to ill health and can be mitigated by the use of antioxidant supplements, 
organic compounds, and exercise training [2, 12-15].   

Antioxidants are compounds that protect against cell damage caused by molecules called reactive 
oxygen (ROS) and reactive nitrogen (RNS) species [16]. The body has a natural antioxidants defence system 
including vitamins  C and E as well as enzymatic, and non-enzymatic antioxidants [17]. However, exogenous 
antioxidant consumption may enhance the endogenous antioxidant defence system and consequently 
decrease the damage to body organs [18, 19]. 

It has been suggested that the consumption of high galactose also resulted in early aging in rat models 
via increasing oxidative stress conditions and its markers which has been accompanied by a reduction in 
antioxidants components and its markers in rat plasma and tissues [20-22]. It has been shown that using the 
extract of some edible vegetables [23, 24] fruits [25, 26], medicinal plants, and herbs which are rich in 
antioxidants, Polyphones, vitamin C, and other effective components [27-31]. Rosa canina L. or dog rose is 
a wild rose species native to Europe, northwest Africa, and western Asia. The Rosa canina L. fruits (Rosehip) 
are rich in antioxidants (vitamin C, carotenoids, tocopherol, phenolic acid, bioflavonoids, tannin, pectin), 
amino acid, organic acids, essential oils, unsaturated fatty acids, and lycopene [32]. In a review study, it has 
been shown that Rosehip has antioxidant, anti-inflammatory, anti-obesity, anti-cancer, hepatoprotective, 
nephroprotective, cardioprotective, antiaging, anti H. pylori, neuroprotective and antinociceptive activities 
[33]. Histological evaluations indicate that Rosa canina L. fruits induced an improvement in the defective liver 
[34]. Another study showed that Rosa canina L. fruits induced an improvement in liver histological damage 
along with decreased ALT, AST, and urea [35]. 

GRAPHICAL ABSTRACT  
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The aim of the present study was to examine the effects of DG on well-known plasma markers used in 
diagnostic tests i.e. AST, ALT, ALP, creatinine, albumin, urea, bilirubin, cholesterol, and triglyceride and also 
to investigate the effects of Rosehip fruit extraction and endurance exercise on DG-Induced changes in 
mentioned variables in male rats. The effects of exercise training and Rosehip on present study variables in 
DG-induced rats are poorly understood. It has been shown that exercise had a significant effect on DG-
elevated AST and ALT levels of DG-trained rats [36]. Exercise also lowered the degree of DG‐exposed 

hepatic fibrosis, and restore the injured liver tissue back to the non‐aging state in DG‐exposed aging rats 
[37]. Exercise training restores Insulin-like growth factor-I receptor (IGFIR) survival signaling in DG-induced-
aging rats to suppress cardiac apoptosis [38]. It has been shown that treatment with the leaf extract increased 
superoxide dismutase, catalase, and glutathione peroxidase activities and depressed lipid peroxidation in the 
serum, brain, and liver of DG-induced aging mice [39]. The protective role of green tea and ginkgo biloba 
extract against aging dysfunction induced by DG in rats was also shown by another study [40]. We 
hypothesized that DG supplementation would induce detrimental changes on the markers with and potentially 
long-term consequences. These detrimental effects would be mitigated by Rosehip supplementation and 
endurance training which in combination would have an accentuated effect rather than either intervention 
alone. 

MATERIAL AND METHODS  

Ethics, Animals and Groups 

This study was conducted under the National Institutes of Health guidelines (NIH publications [41] with 
ethical permission granted by the Mazandaran University of Medical Science.  

Eighty-six Wistar male rats (six weeks old, 170±20 g body weight) were used in this study. Animals were 
obtained from Pasteur's Institute (Tehran, Iran) and maintained in the Central Animal House, Faculty of 
Sciences, University of Mazandaran. The animals were housed 4-5 per cage (volume 46 L). The light was 
controlled on a 12:12 h light-dark cycle. The temperature was 22± 1.4 Cº and humidity was 55.6±4.0%. 
Animals were fed a pellet rodent diet ad libitum and had free access to water. Strewment was changed every 
3 days, and the same person handled the rats throughout the study. Following one week of habituation, rats 
were randomly divided into two main weight match control (n = 43) and training (n = 43) groups. Animals 
were further divided into Control Saline (n = 8), Training Saline (n = 9), Control D-galactose (n = 11), Training 
D-galactose (n = 12), Control Rosehip (n = 12), Training Rosehip (n = 12), Control combined group (n = 12), 
and Training combined group (n = 10). 

Exercise Training Protocol 

All training groups ran on a motorized rodent treadmill (Iranian Model, designed by Prof. Abbass 
Ghanbari-Niaki, Faculty of Sports, University of Mazandaran, Mazandaran, Iran) for 8 weeks. The treadmill 
had twelve lines for running and was on a level gradient. The exercise training protocol was performed for 90 
min/session, 25 m/min (moderate-intensity exercise training [42]), five days/week for eight weeks (Table 1) 
[43]. The rats completed 6 minutes warm-up and 6 minutes cool-down before and after each session 
respectively. For each exercise intervention session, the Control groups walked on the treadmill (5 min, 6 
m/min) to ensure stress synchronization between the control and exercise groups. 
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Table 1. Endurance training protocol of the present study. Rats trained on the motorized rodent treadmill with 

0 degrees of slope.  

Days Saturday Sunday Monday Tuesday Wednesday Thursday Friday 
Time 

(min) 

Familiarization - - 10 (m/min) 10 (m/min) 10 (m/min) - - 10 

1st week 15 (m/min) 15 (m/min) 15 (m/min) 15 (m/min) 15 (m/min) - - 20-30 

2nd week 20 (m/min) 20 (m/min) 20 (m/min) 20 (m/min) 20 (m/min) - - 30-60 

3rd week 25 (m/min) 25 (m/min) 25 (m/min) 25 (m/min) 25 (m/min) - - 60-90 

4th week 25 (m/min) 25 (m/min) 25 (m/min) 25 (m/min) 25 (m/min) - - 60-90 

5th week 25 (m/min) 25 (m/min) 25 (m/min) 25 (m/min) 25 (m/min) - - 60-90 

6th week 25 (m/min) 25 (m/min) 25 (m/min) 25 (m/min) 25 (m/min) - - 60-90 

7th week 25 (m/min) 25 (m/min) 25 (m/min) 25 (m/min) 25 (m/min) - - 60-90 

8th week 25 (m/min) 25 (m/min) 25 (m/min) 25 (m/min) 25 (m/min) - - 60-90 

Supplements Preparation and Consumption Protocol  

The Rosehip fruits (Rosa canina L. cups) were collected from the countryside of Nosar highland of the 
Baijan region in close proximity to Amol city, Mazandaran province – Iran. The fruits were pilled and seeds 
were removed then all collected shells, were dried at normal room temperature away from sunlight in 
darkness. 25 g of the dried Rosehip shells were then finely powdered by a home blender and mixed with 200 
mL hot distilled water then cooked in the oven at 40 ºC for 24 for hours. It noted that content of vitamin C was 
measured in whole dried ripe rosehip fruit and flash by titration procedure. The extraction procedure was 
followed based on methods reported previously [44] and DG solution was prepared based on methods by 
Haider and coauthors, 2015 [45, 46]. DG was purchased from an importing company (made in Switzerland). 
All supplementary groups consumed the supplement orally (by intragastric gavage) received a daily extract 
of Rosehip extract and DG solution (35%) and a combined solution (DG + Rosehip extract/175mg+175mg) 
at a dose of 350 mg (1.75 mL) per 100 g of body weight immediately after the end of each session. The saline 
groups were treated the same as other supplementary groups. 

Plasma Collection 

Rats were sacrificed 72 hours after the last session and anaesthetized with a ketamine and xylazine 
mixture (30–50 mg/kg and 3–5 mg/kg of body weight, respectively). Blood samples obtained from the 
abdominal cavity were collected into EDTA content tubes. Plasma was separated by centrifugation (15 
minutes at 1000 g) then divided into two parts and frozen in liquid nitrogen and stored at -80 Cº for future 
analysis. 

Blood marker analysis 

Plasma enzymes ALT, AST, and ALP were measured by using the quantitative kits which have been 
obtained from Bionic Company (intra-assay coefficient of variation: 1.9% and sensitivity range was at least: 
1 U/L). Plasma albumin and urea were also determined by the same method and kits from Bionic company 
(intra-assay coefficient of variation: 1.9% and sensitivity range was at least: 1 U/L). Plasma levels of bilirubin 
were measured using photometry with a special kit with variation 0.1-30 mg/dl from Pars Azmoon (Tehran, 
Iran). Plasma triglyceride (TG) was determined by using an enzymatic colorimetric method (glycerol-3-
phosphate oxidase by a kit obtained from Pars Azmoon (Tehran, Iran) (intra-assay coefficient of variation: 
2.2% and sensitivity of this method: 1 mg/dL). Plasma total cholesterol (TC) was also determined using an 
enzymatic colorimetric method (cholesterol oxidase-amino antipyrine) (Pars Azmoon, Tehran, Iran) (intra-
assay coefficient of variation: 1.9% and sensitivity of this method: 0.08 mmol/L). 

Statistical Analysis 

Normality of data was checked using the Kolmogorov–Smirnov test, then analyzed by using a two-way 
(training x solution) analysis variance (ANOVA). The present study was performed with 2 (training–control 
(rest) groups) and with 4 solutions (saline/S, D-galactose/DG, D-galactose Rosa/DG, and Rosa/R). In this 
regard, any significant changes between training status or treatment groups were followed by using a suitable 
post hoc Bonferroni test. A one-way ANOVA was also employed to clarify within and between groups’ effect 
and the same post hoc Bonferroni test was used. SPSS (IBM software) version 24 was used to perform the 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


 Ghanbari-Niaki, A; et al. 5 
 

 
Brazilian Archives of Biology and Technology. Vol.65: e22210460, 2022 www.scielo.br/babt 

statistical analysis and data are expressed as mean ± standard deviation (SD). The significance level was 
set at P<0.05. Partial eta squared (η2) was also reported to emphasize the size of the difference in which 
0.01, 0.03, and >0.05 were considered the cut offs for small, medium, and large effects respectively. 

RESULTS 

Plasma enzymes  

Plasma ALT concentrations were significantly higher in DG-treated control and training groups when 
compared to SC, ST, RC, and RT groups. But the concentration of plasma ALT was significantly lower in 
DGT and DGR-treated groups after endurance training. This reduction was much higher in DGR-treated 
groups than DG-treated groups. Rosehip extraction accentuated the endurance training effect to reduce DG-
elevated plasma ALT. The magnitude of changes observed was~542% and ~111% for DGC and DGRC 
groups respectively (Figure 1A, Table 2).  

The plasma AST response was somewhat similar to the ALT. As the figure shows the concentrations of 
plasma AST were higher in DG (~246% change) and DGR-treated (~22% change) groups compared to 
control. But, the magnitude changes of AST were lower in DGR when compared to the DG-treated groups 
(Figure 1B Table 2). However, changes in AST concentration were not significant in S and R–treated groups.  
The result indicates that rosehip extraction alone did not affect AST, but rosehip extraction in combination 
with DG was able to restore the somewhat DG-induced elevation of plasma AST (Figure 2B).  

Plasma ALP concentration was not significantly different in the trained animals versus the non-trained 
animals, as well as in the Rosehip animals in comparison to the saline groups (Table 2 and Figure 1C). 
Interaction of the training and the Rosehip on the ALP showed no significant change compared to 
independent effects (P >0.05). DG (~149% change) and DGR (~60% change) increased the ALP 
concentration compared to the saline. ALP concentration was significantly lower in the DGR consumed 
animals compared to the DG consumed animals (P=0.04) (Figure 1C). Trained DGR animals had no 
significant change in the ALP compared to the DGR consumed animals (P=0.33) (Figure 1C). 

Plasma creatinine, albumin, urea and bilirubin 

Plasma creatinine concentration was significantly lower in the trained animals versus the non-trained 
animals (~16% change), as well as in the Rosehip animals in comparison to the saline (~18% change) (Table 
2 and Figure 2A). Interaction of the training and the Rosehip on plasma creatinine concentration showed no 
significant changes compared to independent effects (P≤0.05). DG (~50% change) and DGR (~49% change) 
increase the creatinine compared to the saline (Table 2). The creatinine was no significant change in the 
DGR consumed animals compared to the DG consumed animals (P=0.99) (Figure 2A). Trained DGR animals 
had no significant change in the creatinine compared to the DGR consumed animals (P=0.11) (Figure 2A). 
Plasma albumin concentration was found to have a significant increase in the trained animals versus the non-
trained animals (~15% change), not in the Rosehip animals in comparison to the saline (Table 2 and Figure 
2B). Interaction of the training and the Rosehip on the plasma albumin concentration showed significant 
changes compared to the saline training group (P=0.001) not the control Rosehip (P=0.37). DG (~22% 
change) and DGR (~14% change) decrease the albumin compared to the saline (Table 2). The albumin was 
significantly higher in the DGR consumed animals compared to the DG consumed animals (P=0.001) (Figure 
2B). Trained DGR animals were significantly higher in the albumin compared to the DGR consumed animals 
(P=0.001) (Figure 2B).  

Plasma urea concentration was not significantly different in the trained animals versus the non-trained 
animals (Table 2 and Figure 2C). The Rosehip animals had significantly lower plasma urea concentration in 
comparison to the saline (Table 2). Interaction of the training and Rosehip on plasma urea concentration 
showed no significant change compared to independent groups (P>0.05). DG (~78% change) and DGR 
(~67% change) increase the urea compared to the saline (Table 2). The urea was no significant change in 
DGR consumed animals compared to the DG consumed animals (P=0.43) (Figure 2C). Trained DGR animals 
showed no significant changes in the urea compared to the DGR consumed animals (P=0.97) (Figure 2C).  

Plasma total bilirubin concentration was found to have no significant change in the trained animals versus 
the non-trained animals (Table 2 and Figure 2D). The Rosehip animals had significantly higher plasma total 
bilirubin concentration in comparison to the saline (~57% change) (Table 2). Interaction of the training and 
the Rosehip on the bilirubin showed no significant changes compared to independent effects (P>0.05). DG 
(~196% change) and DGR (~209% change) increase the total bilirubin compared to the saline (Table 2). The 
total bilirubin showed a significant decrease in the DGR consumed animals compared to the DG consumed 
animals (P=0.001) (Figure 2D). Trained DGR animals showed no significant change in the total bilirubin 
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compared to the DGR consumed animals (P=0.06) (Figure 2D). Plasma total bilirubin was higher in DG and 
DGR-treated rats. Interestingly there is no similar responses between DG-trained and DGR-trained rats. 
Although Rosehip extraction somehow reduced DG-induced elevation in plasma total bilirubin, it was not able 
to reinforce endurance-induced reduction in plasma total bilirubin in DGR-trained group (Figure 2D).   

Plasma total cholesterol (TC) and triglycerides (TG) 

The results of plasma TC revealed a significant (P=0.001) elevation about 4.3 times (~ 430%) higher in 
Control-DG treated rats when compared to control-S treated rats (Figure 3A, Table. 2), Although, the levels 
of plasma TC was significantly (P=0.001) decreased in DG-trained rats, it still near about 3.6 times (360%) 
higher when compared to S-trained rats. As results show, the concentration of plasma TC was 2.33-2.22 
times low in control and trained DGR-treated groups when compared to control and trained DG-groups, 
respectively. The concentration of plasma TC were unchanged in S and R groups (Figure 3A, Table 2).  It 
seems rosehip extraction in combination with DG solution was able to minimize a DG-induced elevation in 
plasma TC in DG-treated rats.  

There was no significant difference in plasma triglycerides between the control and training groups (Table 
2, Figure 3B) A lower and significant plasma triglyceride concentration (25%) was also observed in R-treated 
rats when compared to saline-treated rats. However, we did not find any interaction between endurance 
training and rosehip extraction treatment (P>0.05). The considerable increases in plasma triglyceride were 
observed in DG (~174% change) and DGR (~114% change) treated groups when compared to the saline-
treated rats (Table 2). The triglyceride concentration showed no significant change in the DGR-treated rats 
when also compared to the DG alone (P=0.74) (Figure 3B). Data analysis for plasma triglycerides showed a 
significant difference between treatment groups (P=0.001) and a significant difference has no found between 
training and control groups (P=0.09). A highest and significant plasma TG was observed in DG groups when 
compared with DGR, R and S groups (Figure 3B, Table 2). Further analysis by using a one-way ANOVA 
revealed a lowest and significant plasma TG in RT when compared to S, DG, and DGR –trained groups. 
However, in this regard, we observed a lower and significant plasma TG in DGR (DG+Rosa) trained rats 
when compared to DG-trained rats, but the level of plasma TG in DGR-trained rats was significantly (P<0.003) 
higher when compared to S-trained rats. It means endurance training reinforced TG lowering effect of rosehip 
extraction which induced by DG consumption.  

 

Table 2. The effects of the present study interventions on plasma variables in different groups. Data were analyses 
using the two-way ANOVA. *: significant effect. 

Variables 
Endurance training 

vs. Control 
Rosehip vs. Saline 

D-galactose vs. 

Saline 

Rosehip + D-

galactose vs. Saline 

 F P ɧ2 F P ɧ2 F P ɧ2 F P ɧ2 

ALT(U/L) 4.51 0.03* 0.05 0.02 0.88 0.001 98.45 0.001* 0.70 12.91 0.001* 0.25 

AST(U/L) 1.72 0.19 0.02 150.35 0.001* 0.79 182.88 0.001* 0.81 4.01 0.05* 0.09 

ALP(U/L) 0.13 0.71 0.002 0.50 0.48 0.01 38.00 0.001* 0.47 9.45 0.004* 0.20 

Creatinine(mg/dL) 6.31 0.01* 0.07 8.00 0.007* 0.17 11.52 0.001* 0.21 27.88 0.001* 0.43 

Albumin(mg/dL) 17.50 0.001* 0.17 1.12 0.29 0.02 13.58 0.001* 0.24 6.54 0.01* 0.15 

Urea(mg/dL) 0.43 0.51 0.005 37.23 0.001* 0.48 21.23 0.001* 0.33 94.73 0.001* 0.71 

Total 

bilirubin(mg/dL) 
0.30 0.58 0.004 33.42 0.001* 0.46 29.31 0.001* 0.41 132.49 0.001* 0.78 

Cholesterol(mg/dL) 0.70 0.40 0.08 13.41 0.001* 0.25 295.82 0.001* 0.87 70.68 0.001* 0.65 

Triglyceride(mg/dL) 1.00 0.32 0.01 100.58 0.001* 0.72 33.44 0.001* 0.44 48.10 0.001* 0.56 
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Figure 1. Plasma ALT (U/L) (A), AST (U/L) (B), and ALP (U/L) (C) concentrations in different groups of the present 
study. Data were expressed mean±SD, P-value set at ≤ 0.05. a: significant change vs Training Saline, b: significant 
change vs Control Rosehip, c: significant change vs Control D-galactose, d: significant change vs Control D-
galactose+Rosehip. 
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Figure 2. Plasma creatinine (mg/dL) (A), albumin (mg/dL) (B), urea (mg/dL) (C), and bilirubin (mg/dL) concentrations in 

different groups of the present study. Data were expressed mean±SD, P-value set at ≤ 0.05. a: significant change vs 

Training Saline, c: significant change vs Control D-galactose, d: significant change vs Control D-galactose+Rosehip. 
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Figure 3. Plasma cholesterol(mg/dL) (A) and triglyceride (mg/dL) (B) concentrations in different groups of the present 

study. Data were expressed mean±SD, P-value set at ≤ 0.05. c: significant change vs Control D-galactose. 

DISCUSSION 

The key findings of the present study are 1) Endurance training significantly increases plasma albumin, 
while reduces ALT and creatinine. 2)  Rosehip extract reduced plasma AST, creatinine, urea, cholesterol, 
and triglyceride, while increasing bilirubin. 3) The combination of endurance training and Rosehip extract led 
to an additive effect compared to each intervention alone on AST. 4) The use of DG increased the ALT, AST, 
ALP, creatinine, urea, bilirubin, cholesterol, and triglyceride concentration, while decreasing albumin 
concentration. 5) The use of Rosehip extract along with DG mitigates the harmful effects of DG on ALT, AST, 
ALP, bilirubin, and cholesterol concentration.   

Taghizadeh and coauthors (2018) [47] examined the effects of Rosehip fruit hydroalcoholic extraction at 
doses 250 and 500 mg/kg of rat body weight on hepatic markers in diabetic rats for 42 days, the results 
indicate that a diabetes-induced elevation in fasting blood glucose AST, ALT, and reduction in total 
antioxidant capacity were restored by both given doses of Rosehip fruit extraction. They also mentioned that 
the lower dose was more effective than a higher dose of Rosa canina fruit extraction. Karimmojahed and 
coauthors (2020) showed that Rosa canina distilled water improved liver enzyme and renal function indices 
which disturbed due to tamoxifen treatment [48]. Sadeghi and coauthors (2016) showed the hepatoprotective 
effects of the extract of Rosa canina on CCl4-induced hepatic damage in rats [49]. They suggested that these 
effects may be produced through reducing oxidative stress [49]. Changizi and coauthors (2013) showed the 
protective effects of Rosa canina fruit extract on renal disturbances induced by reperfusion injury in rats [50]. 
In another study prior to this Taghaizadeh and coauthors (2016) [51] who studied the anti-lipidemic effects of 
Rosa canina fruit extract in diabetic rats; reported that the supplementation of Rosa extraction at doses 250 
and 500 mg/kg rat body weight significantly reduced a diabetes-induced elevation in plasma TG, but the 
effect of 250 mg/kg of body weight was more effective. They also mentioned that Rosa extraction has no 
effect on plasma TC concentration. Regarding the DG-induced increase in plasma TC our results are not in 
agreement with Taghaizadeh et al. (2016) [51], but are similar for Rosehip extraction. In one study using the 
same doses of Rosehip fruit extraction in diabetic rats  glucose, creatinine and urea were decreased but the 
supplementation did not change plasma albumin concentration [52].  

Several published articles have studied the effects of different kinds of medicinal herbs in combination 
with exercise training on plasma liver enzymes [53-56]. Although the mechanism(s) by which the aqueous 
Rosehip fruit extraction can exert its anti-glycemic, anti-lipidemic antioxidant effect on the plasmatic liver-
related enzymes, total bilirubin, creatinine, TG, TC and other biochemical variables is not fully understood 
we postulate that vitamin C and its related family are acting as an antioxidant in the Rosa species. Georgieva 
and coauthors (2014) [57] who measured the content of vitamin C in different fractions of rosehip extracts. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


 Ghanbari-Niaki, A; et al. 10 
 

 
Brazilian Archives of Biology and Technology. Vol.65: e22210460, 2022 www.scielo.br/babt 

Also reported that the content of vitamin C was 1.1 mg/g in whole fruit of the dried ripe fruits 2.3 mg/g in skin, 
0.4 mg/g in seeds, and 0.2 mg/g in pappi. Demir and coauthors (2014) determined the content of ascorbic 
acid content in 5 Rosa varieties and reported that the levels of ascorbic acid content ranged from 65.75 
mg/100 g in Rosa dumalis to 160.30 mg/100g in Rosa canina dry weight [58]. In another study by Ercisli 
(2007) [59] who reported the ascorbic acid contents were ranged from 727 mg/100 mL in Rosa villosa to 943 
mg/100 mL in Rosa dumalis. In the present study, the content of vitamin C was measured in whole dried ripe 
Rosehip fruit and flash. The content was ranged from 135 to 149 mg/100 g dry weight.  

Adaramoye and coauthors (2008) who reported that vitamin C supplementation (800 mg/kg of rat body 
weight) significantly reduced gamma radiation-induced increase in rat liver ALT and AST activities which 
accompanied with a significant increase in reduced GSH whose recognized as the main part of an 
endogenous non-enzyme antioxidant defence system [60]. As we showed plasma total bilirubin was 
significantly higher in Control-DG treated rats, the elevated total bilirubin was significantly decreased after 
endurance training. Therefore, total bilirubin elevation was prevented somewhat in the control-DGR group, 
while at the end of endurance training significantly increased. These findings are in agreement with Swift and 
coauthors (2012) [61], Hinds and coauthors (2020) [62], and Witek and coauthors (2016) [63]. One of the 
possible mechanisms for the change in total bilirubin might be attributed to hepatic biliverdin reductase-A 
(BVRA) expression and suppression of UGT1A1 as noted by Hinds and coauthors (2020) [62], which will be 
measured in future studies.  

Using GC-MS analysis method has shown that the fresh and dried Rosehip extractions and its seeds oil 
contain bio-compounds including unsaturated fatty acids (Oleic acids, linoleic acid, alpha-linolenic acid) and 
methlhydroxyfurfural (HFM) which have anti-inflammatory, antidiabetic, antioxidant, and hepatoprotective 
effects [64-66]. Rosehip fruits are also rich in other antioxidants (carotenoids, tocopherol, phenolic acid, 
bioflavonoids, tannin, pectin), amino acid, organic acids, essential oils,  and lycopene [32]. The antioxidants 
in the Rosehip appear to prevent oxidative stress and prevent the release of aminotransferase enzymes from 
liver cells to help treat hepatotoxicity [67]. Studies show that D-galactose may alter the function of liver 
enzymes and impair liver function by disrupting the antioxidant balance. Induction of D-galactose has been 
shown to reduce the natural ability to convert galactose to glucose, increasing galactitol and activating 
aldose reductase, which in turn reduces the NADPH and leads to the accumulation of hydrogen peroxide and 
other free radicals [68]. Thus, Rosehip due to antioxidants may prevent the harmful effects of D-galactose. 
Antioxidants, essential oils, and unsaturated fatty acids also showed to have beneficial effects on creatinine, 
albumin, urea, bilirubin, and plasma lipids [69-71]. 

The effects of regular exercise training on the present study variables have been confirmed by several 
studies [72, 73]. The influences of regular exercise training on body antioxidant defence also are reported 
[74]. There is a paucity of data on rosehip supplementation and exercise training with only one published 
article by Ali Asghari Gelodar and coauthors (2020) [75] who studied on the effects of aqueous Rosehip fruit 
extraction (350 mg/ 100 g of rat body weight in 1.7 mL solution) plus endurance exercise training (25 m/min, 
90 minutes/session, 5 days/week and for 8 weeks) on liver enzymes. They reported that a lower and 
significant liver AST concentration in Rosehip groups when compared to saline groups with the consideration 
that endurance exercise training reduced liver AST concentration in both saline and Rosehip-trained groups. 
The reduction was more pronounced in Rosehip-trained rats so our results are aligned for liver ALT, GGT, 
and ALP concentration.  In the present study, it seems that the inclusion of Rosehip has an additive beneficial 
effect on the study variables.  

The effects of exercise training plus other herb extracts has been studied by Akbari-Fakhrabadi and 
coauthors (2019) [76] who examined a progressive endurance training (10 m to 20 m/min, 5 days/week and 
for 8 weeks at 60% VO2 max) plus ethanolic extraction of saffron (Crocus Sativus) at a dose of 40 mg/kg of 
body weight in rats. They reported a significant lowering of TG and AST but no significant change in ALT in 
the exercise plus saffron group when compared to control rats. Huang et al. (2013) [77] studied 
hepatoprotective effects of Ganoderma tsugae (GT) a well-known medicinal mushroom at 0, low (0.1875 g), 
moderate (0.9375 g), and high (1.875 g/kg/day) doses on exhaustive exercise-induced liver damage. They 
reported that GT supplemented rats had considerably lower but nonsignificant AST and ALT levels all treated 
–GT rats when compared with a control group. Yada and coauthors (2020) [78] who showed that acacia 
polyphenol (AP) supplementation significantly increased plasma ALT and AST levels and exhaustive 
exercise reinforced elevation in AST levels.  A reduction in liver GSH and GSH reductase after exercise with 
AP supplementation. Huang and coauthors (2013) [36] who studied the effect of 12 weeks swimming exercise 
(5 times/week for 60 min/time ) on D-galactose-induced ageing model in rats (intraperitoneal d-galactose 
injections by 150 mg/kg/day for 12 weeks). They suggested that a significant DG-elevated AST, ALT levels 
were reduced by swimming training in DG-trained rats. They also reported that plasma GGT activities was 
also reduced in trained groups.  Wasityastuti and coauthors (2019) investigated the effects of low and 
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moderate treadmill exercise on liver of d‐galactose‐exposed aging rats [37]. They showed that low intensity 

exercise lowered the degree of DG‐exposed hepatic fibrosis, and moderate intensity exercise restore the 
injured liver tissue back to the non‐aging state. DG causes inflammation marked by the elevated number of 
M1 and M2 macrophages. Moderate exercise drove M1/M2 ratio back to the control condition [37]. 

Limitations and Strengths 

The limitations of this study are 1) lack of Rosehip gas chromatography-mass-spectrometry (GC-MS) 
analyses. However, previous studies have reported significant findings with Rosehip GC-MS and content of 
vitamin C was measured in present study 2). We have limited our analyses to plasma, and tissue samples 
so need to examine other mechanistic variables in research. Despite some limitations, this study has notable 
strengths including: 1) Novelty of research regarding the combined effects of endurance training and Rosehip 
supplementation on numerous study variables which has not been published previously to the authors’ 
knowledge 2) Measurements of both enzymatic and non-enzymatic variables, as well as common clinical 
variables. 

Future research  

Our findings for novel study variables need confirming so we encourage other researchers to explore 
this topic. Future lines of enquiry will explore potential differences between fresh and dried Rosa canina fruits 
extraction on liver antioxidant enzymes including varying the dose, Gene expression as well as the related 
mechanism(s) warrants further study. Likewise, different doses of exercise by manipulating the frequency, 
intensity and duration should be explored as well as changing the mode. 

Practical application  

Rosa canina fruits can be considered a functional food which has positive effects on numerous disease 
markers. 

CONCLUSION 

Chronic D-galactose consumption is detrimental to numerous health markers but Rosehip 
supplementation mitigated some of these effects in male rats.  Endurance training and Rosehip have an 
additive and positive effect on plasmatic liver markers so should be used as an intervention to improve health. 
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