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A B S T R A C T 

Background and Objectives: Curcumin and exercise training are suggested to improve hepatic disorders. The aim of 

this study was to investigate effects of two weeks of swimming training and curcumin supplementation on platelet-derived 

growth factor (PDGF-BB) and transforming growth factor beta 1 (TGF-β1) gene expressions following ethanol 

consumption in Wistar male rats. 

Materials and Methods: Totally, 32 Wistar male rats were divided into four equal groups, including control, exercise, 

curcumin and curcumin-exercise groups. Ethanol was gavaged to all groups (g kg
-1

) for four days. Then, the renunciation 

period (four days) started. The exercise period included two weeks, each week included five sessions of exhaustive 

swimming. Curcumin supplementation (50 mg kg
-1

) was used with trainings. 

Results: Curcumin supplementation demonstrated significant decreases in expression of PDGF-BB (P = 0.025) and TGF-

β1 (P = 0.033) genes. In exercise groups, significant decreases were seen in expression of PDGF-BB (P = 0.007) and 

TGF-β1 (P = 0.001) genes. Interaction of exercise and curcumin resulted in significant decreases in expression of PDGF-

BB (P = 0.040) and TGF-β1 (P = 0.013) genes. 

Conclusions: In conclusion, expression decreases in PDGF-BB and TGF-β1 genes suggest that exercise and curcumin 

consumption can protect hepatic tissues through controlling hepatic satellite cell (HSC) activation, preventing negative 

effects of ethanol. 
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Introduction 

Increase of high-risk behaviors such as ethanol 

drink in the society have been recognized as one of 

risk factors of many diseases, including obesity, 

cardiovascular diseases (CVD) and metabolic 

syndrome (1, 2). Excess use of ethanol has indirectly 

been described as one of the major factors of liver 

injuries (3-5). Ethanol exposure results in alcoholic 

fatty liver, inflammation, necrosis, fibrosis and 

cirrhosis as major reasons of mortality in developing 

countries (6). Role of cytokines in development of 

hepatic fibrosis has widely been studied. It has been 

reported that the most important injuries of ethanol 

are resulted from increases in oxidative stress and 

mitochondrial injury (7). Liver cytokines such as 

PDGF-BB and TGF-β1 have been studied as hepatic 

damage biomarkers (8). Oxidative metabolites of 

ethanol such as acetaldehyde are often linked to viral 

or metabolic hepatic diseases and are expressed as the 

major reason of hepatic fibrogenesis. Acetaldehyde 

causes injury to cellular membrane, starting lipid 

peroxidation and development of harmful proteins 

that result in activation of Kupffer cells and pre-

sinusoidal leptocytes, which lead to release of PDGF 

and TGF-β1 (9). Studies have been carried out on 

hepatic satellite cells (HSC). It has been reported that 

oxidative stress includes microsomal and 

mitochondrial systems. Recent studies suggest that 

stimulation of Kupffer cells by portal vein endotoxins 
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causes release of cytokines and chemokines, 

hepatocyte hyper-metabolism and activation of HSC. 

Activation of HSC is associated to increased 

expression of PDGF and TGF-β1 as pathways of 

hepatic fibrosis and cirrhosis (10). The TGF-β is a 

major regulator in chronical hepatic disease that plays 

roles in all stages of the disease. The PDGF is the 

major stimulator of HSC proliferation, migration and 

regulation following hepatic injuries. The main 

chemical subunit is PDGF-BB that plays the most 

important role in signaling pathways of HSC (8). 

Studies have shown that PDGF-BB is one of the best-

known mitogens that cause increased hepatic fibrosis 

through HSC activation. Furthermore, PDGF-BB is 

greatly expressed in liver tissues during fibrogenesis 

(10, 11).  

Evidences show that appropriate physical activities 

include decreasing effects on ethanol exposure and 

injuries caused by the chemical (12). Furthermore, it 

has been reported that circular resistance exercises do 

not affect serum PDGF-BB (13). Regarding major 

roles of TGF-β1 protein in creation sport exercise 

adaptations, effects of various exercise methods on 

the protein expression have been studied. The TGF-

β1 has been demonstrated to increase in 

gastrocnemius muscles of Wistar male rats following 

intensive interval trainings (14). Moreover, 

exhaustive intensity sport activities have been shown 

to significantly increase serum TGF-β1 (15). In recent 

years, use of plant antioxidants as non-pharmaceutical 

treatments in various diseases has become popular. 

Curcumin is a polyphenolic compound and a 

derivative active substance from rhizome of turmeric 

plants with verified antioxidant, anti-inflammatory, 

antimicrobial and supportive effects on hepatic cells 

(16-18). Curcumin may protect liver against oxidative 

stress resulted from ethanol use (19). Studies have 

shown that curcumin supplement with acupuncture 

cause significant decreases in PDGF-BB in rats (20). 

Regarding effects of curcumin, it has been reported 

that 8-week use of curcumin causes significant 

decreases in TGF-β1 gene expression (21). In 

contrast, 12-week consumption of curcumin does not 

include significant effects on TGF-β1 and PDGF-BB 

expressions (22). Data on TGF-β1 and PDGF-BB 

regulations through physical exercise and curcumin 

use are limited and controversial. It is still unclear that 

who exercise training and curcumin use affect TGF-

β1 and PDGF-BB in alcoholic male rats. Studies have 

been carried out on long-term exercise effects. 

Regarding controversial findings of these studies and 

the fact that patterns of short-term exercises are 

ambiguous, further studies seem necessary. Studies 

that simultaneously assess combinations of curcumin 

supplementation (low doses) with short-term exercise 

protocol are limited. Therefore, the present research 

was carried out to investigate simultaneous effects of 

curcumin and exhaustive swim exercise on hepatic 

injury biomarkers resulted from ethanol exposure in 

Wistar male rats.  

Materials and Methods  

In this study, 32 Wistar male rat, weighting 

220.244 g ±2.32 and aging eight-week old, were 

randomly divided into four equal groups, including 

control, exercise, curcumin supplementation and 

curcumin supplementation-exercise. Animal 

experiments were first approved by the Ethics 

Committee of Borujerd Branch, Islamic Azad 

University, Boroujerd, Iran (IR.IAU.B.REC.1396.6). 

A 12-h light-dark cycle was equally used for the 

animals. Rats were hosted in cages with temperature 

of 20–21°C and humidity of 40–60%. In addition to 

pre and post-period weight measurements, animal 

weights were measured and recorded before ethanol 

gavages. All groups were ethanol gavaged according 

to standard protocols of excess ethanol consumption 

(3) once per 8 h daily as 5 g kg
-1

 body weight (B.W.) 

for four days. The greatest consumption dose included 

7 g kg
-1

 B.W. daily. During ethanol use, rats were not 

fed; however, water was always available. To gavage 

ethanol, 25% (w/v) ethanol in vanilla  supplements 

(Abbot Laboratories, Columbus, OH, USA) were 

prepared and used in all groups according to 

guidelines. After four days of ethanol consumption, 

six days of withdrawal started and feed was provided 

to animals. From Day 7, interventions began in 

various groups. All interventions were executed in 

thelight phase from 9 AM to 2 PM. The exercise 

period included two weeks, each week included five 

sessions of exhaustive swimming in pool with 

adjustable water temperature of 20–22 °C. Then, 10% 

curcumin (Sigma, St. Louis, Mo, USA) solutions 

were prepared using DMSO (Sigma, ST. Louis, MO, 

USA). Rats in supplement and supplement-exercise 

groups were injected with 50 mg kg
-1

 B.W. of 

curcumin for two weeks, five times a week. Similarly, 

swimming sessions were carried out for two weeks, 

five times a week. All injections were carried out at  [
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10–11 AM. In ethanol-exercise and ethanol-exercise-

curcumin groups, swim training was carried out 2 h 

after curcumin injection. 

Before dissecting, animals were fasted for 12 h. 

Rats were sacrified 48 h after the last intervention 

session using ketamine (30–50 mg kg
-1

 B.W.) and 

xylazine (3–5 mg kg
-1

 B.W.). Rats were dissected and 

their livers were removed; then, extracted tissues were 

transferred into microtubes. Liver tissues were 

washed and stored at -80 °C until use. To study gene 

expressions of PDGF-BB and TGF-β1, real-time PCR 

was used (Fermentase, Germany). Total RNA was 

extracted and treated with DNase I (Roche, Basel, 

Switzerland) to remove genomic DNA contamination. 

The cDNA was synthesized in a total volume of 20 μl 

using commercial kits (Fermentas, Lithuania) at 42 

°C for 60 min according to the manufacturer’s 

instructions. TaqMan real-time PCR was used for the 

quantification of relative gene expression using 

QuantiTect SYBR Green RT-PCR Kit (Takara Bio, 

Japan). Forward and reverse primer pairs were 

designed using Primer-3 Plus Software for exon-exon 

junctions to distinguish between cDNA and genomic 

DNA. The PCR primers were tested using Primer-

Blast Online Tool (www.ncbi.nlm.nih.gov/tools/ 

primer-blast). Descriptive information were reported 

as mean ±SD (standard deviation). In data analysis, 

Kolmogorov-Smirnov test was used to show data 

normality. Two-way analysis of variance (two- way 

ANOVA) was used to show interactive effects of 

independent variables. Moreover, post-hoc least 

significant difference (LSD) test was used as well as 

Levin test, which indicated homogeneities in 

variances. Data were analysis using PASW Statistic 

Software (Inc.c.Chicago, Illinois,USA).  

Results 

Kolmogorov-Smirnov test showed that data were 

natural (PDGF-BB gene, P=0.987; TGF-β1 gene, 

P=0.159). Levin test indicated homogeneities in 

variances (level of significance for PDGF-BB and 

TGF-β1 were 0.516 and 0.200, respectively). 

Comparison of expression changes in PDGF-BB gene 

in study groups are shown in Tables 1 and 2 and Fig. 

1. Based on results from Table 2 and Fig. 1, exercise 

independently (P=0.007 and F=9.572), curcumin 

supplement independently (P = 0.025 and F=6.164) 

and exercise-curcumin supplement interaction 

(P=0.04 and F=4.980) significantly decreased 

expression of PDGF-BB, compared to ethanol group. 

Comparisons of expression changes in TGF-β1 gene 

against beta-actin in the study groups are 

demonstrated in Table 3 and Fig. 2. Results from 

Table 3 and Fig. 2 show significant decreases in 

expression of TGF-β1 gene within the three groups of 

exercise (P=0.001 and F=17.713), curcumin 

supplement (P=0.033 and F=5.424) and exercise-

curcumin supplement (P=0.013 and F=7.724), 

compared to ethanol group. 

 

 

Table 1. Descriptive indices of the major studied variables (X ±SD) 

Group 

Variable 

Ethanol Curcumin Exercise Exercise-curcumin 

PDGF-BB gene 0.0065±0.0021 0.0028±0.001 0.0024±0.0014 0.0022±0.0019 

TGF-β1 gene 0.0045±0.0027 0.0012±0.0008 0.0001±0.0001 0.0003±0.0003 

 

 

Table 2. Changes in PDGF-BB gene expression relative to beta-actin due to exercise, curcumin and exercise-curcumin 

interactions 

Group Effect 

size 

F-value Significance level 

of P 

Average of 

squares  

Freedom 

degree 

Total 

Exercise effect 0.374 9.572 0.007 0.000 1 0.000 

Curcumin effect 0.278 6.164 0.025 0.000 1 0.000 

Interactive effect of exercise and curcumin 0.237 4.98 0.04 0.000 1 0.000 
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Table 3. Changes in TGF- β1 gene expression relative to beta-actin as a result of exercise, curcumin and exercise and 

curcumin interactions 

Group Effect size F-value Significance 

 level of P 

Average of squares Freedom  

degree 

Total 

Exercise effect 0.225 17.713 0.001 0.000 1 0.001 

Curcumin effect 0.253 5.424 0.033 0.000 1 0.000 

Interactive effect of exercise and Curcumin 0.326 7.724 0.013 0.000 1 0.000 

 

 

 

Figure 1. Changes in PDGF-BB gene expression relative to beta-actin in various research groups. 

∆ indicates significant differences with control groups (P ≤ 0.05) 

 

 

 

 Figure 2. Changes in TGF- β1 gene expression in various groups of the study. 

∆ indicates significant differences with control groups (P ≤ 0.05) 
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Discussion 

In general, the current study has shown that 

curcumin supplementation, exercise and simultaneous 

exercise-curcumin supplement protocols can 

significantly decrease expression of PDGF-BB and 

TGF-β1 genes and possibly improve the negative 

effects of ethanol on the liver and prevent 

development of fatty liver diseases. Fu et al. (2008) 

have shown that curcumin supplementation 

significantly decreases expression of PDGF-BB and 

TGF-β1 genes and hence controls HSC activation and 

protects hepatic tissues against injuries. This property 

of curcumin may prevent negative effects of ethanol 

on liver and avoid increases in highlighted gene 

expressions (23). Curcumin possibly imposes its 

protective effects through removal of toxic 

metabolites (24), antioxidant effects and decrease of 

oxidative stress as well as inhibition of lipid 

peroxidation (24, 25). In the present study, exercise 

independently caused a significant decrease in 

expression of PDGF-BB gene. Berari et al. (2015) 

have demonstrated that circular resistance exercise 

does not affect serum PDGF in inactive young women 

(13) in contrast to the present study. This difference 

may be due to differences in subjects, intensities and 

durations and types of exercises. In the present study, 

curcumin supplementation independently caused a 

significant decrease in expression of PDGF-BB gene. 

Similarly, Zhang et al. (2012) have reported that 

curcumin and acupuncture strongly decrease PDGF in 

rats and stop PDGF-BR cascade of extracellular 

signal-regulated kinases (PDGF -BR/ERK). In fact, 

HSC activation results in extracellular matrix 

disorders. It has been verified that high levels of 

PDGF activate HSC. The PDGF transports its signals 

through PDGF receptors and cascades of mitogen-

activated protein kinases (MAPK) downstream, 

including ERK-MAPK, JNK- MAPK (Jun amino-

terminal kinase) and P38-MAPK. Therefore, decreases 

in PDGF can interrupt this cascade and become an 

effective agent for the improvement of hepatic 

fibrosis (20). Similar to the present study, Fu et al. 

(2008) have demonstrated that curcumin significantly 

decreases expression of PDGF-BB and TGF-β1 genes 

and consequently protects liver tissues against 

injuries. Mitogen proliferation of PDGF and TGF-β1 

genes, majorly from Kupffer cells, activates hepatic 

satellite cells (HSC). This process is paired with 

highly continuous expression of PDGF-β (PDGF-βR) 

receptor, called receptors Types I and II for TGF-β 

(Tβ-R II and Tβ-R I). Moreover, HSC activation 

simultaneously occurs with significant decreases in 

activated γ-receptors by peroxisome proliferators 

(PPARy). Normally, curcumin controls HSC activity 

through increasing PPAR and decreasing PDGF and 

TGF, their receptors and collagen Type I. It has been 

reported that interruptions in signaling pathways of 

TGF-β and PDGF by curcumin is necessary, requiring 

that curcumin inducts expression of PPAR gene (23). 

Through hepatic fibrogenesis, decreases in PPARy 

frequency have been linked to activation of mitogenic 

signaling for PDGF in HSCs cells (the major effective 

cells). Increases in PPARy activity by curcumin may 

result in stopped PDGF signaling. Curcumin has been 

reported to interrupt PDGF signaling, stimulate 

expression of PPARy gene, increase the gene activity 

and result in inhibited cell proliferation of active 

HSC. Furthermore, curcumin may block activation of 

ERK, JNK and PI-3K/AKT signaling pathways in 

passaged HSC, which verifies effects of curcumin on 

the interruption of PDGF and EGF signaling in HSC 

(26). Studies have described that curcumin inhibits 

PDGF using various treatment strategies. Further 

studies have demonstrated that the quantity of dose-

related curcumin decreases expression of PDGF 

receptor genes such as PDGF-βR and hence activates 

PPARy (27). Furthermore, curcumin decreases 

phosphorylation levels of PDGF-βR and downstream 

signaling cascades, including ERK1/2 and JNK1/2. In 

general, results suggest that increased PPARy activity 

by curcumin interrupts signaling PDGF in activated 

HSC, through decreasing phosphorylation levels of 

PDGF-βR and suppresses expression of the  receptor 

genes (28). 

In the present study, curcumin significantly 

decreased expression of TGF- β1 gene, similar to a 

study by Sotikno et al., who have shown that 8-week 

use of curcumin significantly decreases expression of 

TGF-β1 gene. This decrease is possibly due to 

phosphorylation and nucleus displacement of Smad-

2
1
 and/or inhibition of receptors Type I and II and 

TGF-β1 (21). The interactive effects of TGF-β1 and 

their membrane receptors result in phosphorylation of 

                                                           
1
 Small mothers against decapentaplegic: including a family of 

structurally similar proteins as the major signal transducers for the 

receptors of transforming growth factor beta (TGF-B) 

superfamily, critically important for the regulation of cell 

development and growth.  [
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intra-cellular intermediates of Smad proteins, which 

act as transcription factors in nucleus and cell 

proliferation processes. The Smad-TGF-β1 complex 

is a major profibrogenic pathway. Modulation of 

expression and interaction of TGF-β1 and their 

receptors is resulted from curcumin use (27).  

Curcumin has been reported to ameliorate cirrhosis 

resulted from blocking bilious ducts through low-

regulation of TGF-β and inhibition of oxidative stress. 

Indeed, curcumin inhibits highly regulation of protein 

expression of TGF-β1 mRNA and TGF-β in rat 

hepatic tissues with blocked bilious ducts. The 

preventative role of curcumin against fibrosis resulted 

from bilious cirrhosis has been attributed to the 

chemical antioxidant effects (29). Brocko et al. (2007) 

have studied effects of daily curcumin use of 33 mg 

kg
-1

 on protection of liver in rats for 12 weeks and 

shown that curcumin does not significantly affect 

expression of TGF-β1 and PDGF; in contrast to the 

present study (22). However, results of the current 

study are similar to those of Sotincko et al. (2011) 

study, which shows that 8-week use of curcumin in 

diabetic rats significantly decreases expression of 

TGF-β1. A part of this decrease is likely due to 

inhibition of macrophage infiltration mediated by 

inflammatory response of NF-kB (21). Significant 

decreases in TGF-β gene expression due to swimming 

exercises are similar to those of a study by Doustar et 

al. (2009). They have suggested that after two weeks 

of exercises (five sessions a week, each session 

consists of 1-h exercise on treadmill), expression of 

TGF-β in exercise group significantly decreases. 

Sport activities can prevent proliferation of 

myofibroblasts through increasing insulin sensitivity 

and hypoglycemia induction and hence TGF-β 

production and collagens 1 and 4 inhibition. The 

TGF-β factor includes important roles in diabetic 

nephropathy. Hyperglycemia is one of the most 

important factors inducting TGF-β production from 

mesenchymal cells. High blood sugar levels stimulate 

proliferation of mesenchymal cells and 

myofibroblasts and therefore high levels of collagens 

1 and 4 and TGF-β are produced. However, sport 

activities can prevent proliferation of mesenchymal 

cells through increasing insulin sensitivity and 

hypoglycemia induction and thereby inhibiting 

production of TGF-β and collagens 1 and 4. It is 

certainly known that exercises by controlling blood 

sugar inhibit production of TGF-β and decrease 

fibrosis of liver tissues. This can also justify 

significant differences between control and exercise 

groups for decreasing pathologic changes following 

exercises. Furthermore, oxidative stresses, as 

inductive agents of cell injuries in diabetic patients 

suffering from nephropathy, decrease following 

exercises (30). 

Studies have demonstrated that eight weeks of 

swimming exercises do not change TGF- β levels in 

healthy rats; contrary to the present study (31). The 

previous exercise protocol for the induction of 

diabetic conditions started with 5 min of swimming at 

the first week and increased to 30 min at the third 

week; then, continued for eight weeks. It seems that 

the highlighted exercise protocol cannot induce 

sufficient adaptations to change the indices in healthy 

rats; possibly due to insufficient severity and duration 

of exercises (31). Studies have shown that TGF-β 

signaling pathways initiate with stimulations of 

Smad-2 and Smad-3 and are phosphorylated and 

activated under the effects of Smad-4 via serine-

threonine receptors of kinases connected to cellular 

membranes. The latter protein enters the nucleus with 

other members of the Smad protein family in forms of 

homological and non-homological compounds and 

initiates processes of preventing cell differentiation 

and controlling cell growth. The major target of TGF-

β/Smad-3 is to prevent the processes of cell 

proliferation and growth (32, 33). Therefore, 

increases in TGF-β/Smad-3 expression due to 

endurance trainings can increase inhibitory effects of 

this pathway and prevent cellular differentiation and 

tumor growth (34).            Moreover, it is clear that 

exhaustive intense sport activities significantly 

increase serum levels of TGF-β (15). Reasons for 

TGF-β1 increase are not clearly explained; however, 

oxidative stress and hypoxia resulted from exercises 

are two possible mechanisms that may explain 

increases of this factor following exercises (35). 

Curcumin and sport exercises may obviously decrease 

hepatic injuries due to ethanol use through increasing 

antioxidant activities. Furthermore, curcumin 

supplementation maintains beneficial effects of 

exercises on biochemistry of hepatic factors (35). 

                                  Results of the present study have clarified that two 

weeks of swimming exercises to exhaustion, 

curcumin supplementation and exercise and curcumin 

supplement interaction significantly decrease 

expressions of PDGF and TGF-β1. Therefore, 
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interaction of endurance sport activity and curcumin 

use can be considered as a relatively appropriate 

method to heal hepatic injuries due to ethanol use. 

Nevertheless, longer periods of sport interventions 

and curcumin use are needed to increase effects of 

exercise and curcumin as well as complete ethanol 

withdraw. It is noteworthy that exhaustive physical 

activities alone can release free radicals and increase 

oxidative pressures (36). However, adaptability with 

exercises can improve the highlighted variables even 

in short periods.          
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