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ABSTRACT 

Parboiled germinated brown rice (PGBR) from the Khao Dawk Mali 105 

(KDML 105) Thai rice strain is well-known for its nutrients and bioactive 

compounds. This research was conducted to determine the protective effect of 

PGBR on carbon tetrachloride (CCl4)-induced brain inflammation. Thirty-five 

male Sprague-Dawley rats were randomly divided into five groups: (I) control 

group (basal diet); (II) CCl4 group (basal diet); (III) white rice + CCl4 group; 

(IV) brown rice + CCl4 group, and (V) PGBR + CCl4 group. PGBR, brown rice 

and white rice diets were produced by replacing cornstarch in basal diet with 

cooked PGBR, brown rice, and white rice, respectively. Twice weekly, each rat 

was orally administrated with 1 mL/kg of CCl4 in olive oil (1:1, v/v). After eight 

weeks, all rats were subjected to carbon dioxide euthanasia. The cerebral 

cortex, hippocampus and cerebellum were dissected and homogenised to 

evaluate the levels of tumour necrosis factor α (TNF-α), interleukin 1β (IL-1β), 

and interleukin 6 (IL-6). It was observed that the administration of CCl4 

induced the elevation of the TNF-α and IL-1β levels in all brain tissues, as well 

as the blood ammonia and serum liver functions also rose. However, there was 

a significant reduction in the levels of TNF-α and IL-1β in the cerebral cortex, 

hippocampus and cerebellum in the PGBR + CCl4 group compared to the CCl4 

group (P<0.05), whereas the blood ammonia and serum liver functions were 

also decreased. These findings suggest that regular consumption of PGBR may 

prevent CCl4-induced brain inflammation. 
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INTRODUCTION 

Carbon tetrachloride (CCl4)  is a well- known model for detecting 

hepatoprotective properties of natural components. In addition, CCl4 causes free 

radical generation in many bodily tissues; such as the liver, kidney, heart, lung, 

testis, blood and brain (Dashti et al., 1989).  Yamamoto and Sugihara (1987) 

reported that hyperammonaemia occurred after inducing rats with CCl4  

(1.0 mL/kg three times per week for 10 weeks), which was produced by the 

decrease in the hepatic content and by the inhibition of carbamoyl-phosphate 

synthetase and arginine-succinate synthetase, important enzymes of the urea 

cycle. Elevated concentrations of ammonia in the brain as a result of 

hyperammonaemia resulted in the activation of astrocytes, which stimulated a 

number of inflammatory signalling systems; such as nitric oxide synthase (NOS), 

nuclear factor kappa B (NF-ĸB), and cyclooxygenase-2 (COX-2) (Jayakumar  

et al., 2006). Additionally, ammonia activates brain microglia, which can release 

the pro-inflammatory cytokines; such as IL-1α, IL-1β and TNF-α (Atanassov  

et al., 1994; Rao et al., 2013). Moreover, the hippocampus plays a key role in 

memory function, particularly the transference from short- to long-term memory 

and control of spatial memory and behaviour. The cerebral cortex is also a major 

component of the brain for memory function, as well as attention, perceptual 

awareness, thought, language and consciousness, while the cerebellum is 

essential for balance and motor control functions (Preston and Eichenbaum, 

2013). Therefore, inflammation in the brain, particularly the hippocampus, 

cerebral cortex and cerebellum, plays a crucial role in neurodegenerative 

disorders (Cagnin et al., 2006; Rovira et al., 2007; García Martínez et al., 2010).  

Germinated brown rice has numerous bioactive compounds and is 

renowned for its nutritional components. Several valuable nutrients were 
remarkably increased after germination, especially increasing 13- fold  

γ-oryzanol, 10-fold γ-aminobutyric acid (GABA) , about fourfold dietary fibre, 

vitamin E, niacin and lysine, and nearly threefold vitamins B1, B6 and 

magnesium (Kayahara and Tsukahara, 2000). Furthermore, previous studies have 

shown the anti-oxidant, anti-inflammatory, anti-diabetic and anti-cancer properties 

in germinated brown rice (Latifah et al., 2010; Zhang et al., 2010; Imam et al., 

2012; Soiampornkul et al., 2012). Recently, parboiled germinated brown rice 

(PGBR)  was produced from the Khao Dawk Mali 105 (KDML 105)  rice strain, 

which is the most famous Thai rice, and is known for its texture and aroma. PGBR 

was produced by steaming germinated paddy rice.  During parboiling, starch 

granules of rice were gelatinised, which improves stability and lessens the rupture 
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of the rice grain. The authors’ recent reports showed the high quantity of GABA, 
γ- tocotrienol, γ-oryzanol and ferulic acid in PGBR of the Khao Dawk Mali 105 

rice, KDML 105 (O. sativa L. cv.) grown in Thailand. In addition, the results 

showed that PGBR had more anti-fibrotic, anti- inflammatory and antioxidant  
capacities in rat’s liver than brown rice and white rice (Wunjuntuk et al., 2016a; 

Wunjuntuk et al., 2016b). 
Therefore, the purpose of this study was to evaluate the anti-inflammatory 

effect on the brain of PGBR on the levels of TNF-α, IL-1β and IL-6 in the 

cerebral cortex, hippocampus and cerebellum of adult rats subjected to an 

experimental model of CCl4-induced brain inflammation.  

 

MATERIALS AND METHODS 

Animals 

This animal study was approved by the Experimental Animal Care and Use 

Committee, National Laboratory Animal Centre, Mahidol University (approval 

no. RA2013-04).  A total of 35 male Sprague–Dawley rats weighing 200-250 gram 

was obtained from The National Laboratory Animal Centre, Mahidol University 

and maintained in an environmentally controlled room (23±2 °C; 50±20% 
humidity) with a 12 hour light/dark cycle.  

PGBR preparation  

PGBR, brown rice (BR) and white rice (WR) were prepared from the same 

kind of Khao Dawk Mali 105 (Oryza sativa L. cv., KDML 105) rice grown in 

Thailand. PGBR was prepared according to the method of Wunjuntuk et al. 

(2016b). In brief, the paddy rice was soaked in water for 18 hours in an automatic 

pre-germination machine (Thai patent pending no. 1001000300) and then 

germinated inside the chamber for about two days. Finally, the germinated rice 

was steamed for 30 minutes and dehydrated by vacuum drying at 70-75 °C for 

two hours. A hot air oven at 40 °C was then used to dry the steamed rice until the 

level of moisture content had fallen to 13%. 

Animal diets  

Each rice was cooked in an electric rice cooker (1.8 L, Sharp KS-19ET) 
using the appropriate method (Wunjuntuk et al., 2016a). The cooked rice samples 

were freeze-dried, ground into fine powder, packed in vacuum-aluminum foil 

bags and stored at -20 °C until used. The cornstarch of AIN76A (basal diet) was 

replaced with freeze-dried cooked WR, BR and PGBR for preparing the WR, BR 

and PGBR diets, as shown in Table 1. The contents of WR, BR and PGBR added 

into the diet were based on the composition of energy, protein, carbohydrate and 

fat. 
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Table 1. Ingredients of basal diet, WR diet, BR diet and PGBR diet formulas.  

Formula 

Basal 

diet 

(g/kg) 

WR 

diet 

(g/kg) 

BR 

diet 

(g/kg) 

PGBR 

diet 

(g/kg) 

Casein 200 186 186 187 

DL-Methionine 3 3 3 3 

Sucrose 499.99 499.9 499.99 499.99 

Corn Starch 150 - - - 

Corn Oil 50 50 46.5 46 

Cellulose 50 50 50 50 

Mineral Mix, AIN-76 (170915) 35 35 35 35 

Vitamin Mix, AIN-76A (40077) 10 10 10 10 

Choline Bitartrate 2 2 2 2 

Ethoxyquin, antioxidant 0.01 0.01 0.01 0.01 

Freeze dried cooked white rice - 170* - - 

Freeze dried cooked brown rice - - 175* - 

Freeze dried cooked parboiled germinated 

brown rice - - - 175* 

Note: *The contents of freeze dried cooked white rice, brown rice and parboiled germinated brown rice added 

into the diet were based on the composition of energy, protein, carbohydrate and fat. 

 

Experimental design 

After the acclimation, 35 male Sprague-Dawley rats were divided into five 

groups of seven each. The control rats in Group I were fed with the basal diet. 

The rats in Group II were fed with the basal diet (CCl4 group). The rats in Groups 

III, IV, and V were fed with white rice (WR + CCl4 group), brown rice (BR + 

CCl4 group), and PGBR (PGBR + CCl4 group) diet, respectively. The rats in 

Group II, III, IV, and IV were orally administrated with 1 mL of CCl4/olive oil 

mixture (1:1, v/v)/kg of body weight twice a week for the duration of the eight-

week experiment. All the rats were allowed ad libitum access to the experimental 

diets and water. When the eight-week period was completed, the rats underwent 

one night of fasting prior to euthanasia with carbon dioxide anaesthesia. Samples 

of the rats’ brains were then placed immediately in liquid nitrogen in order to 

store them at -80 °C prior to examination. 

Liver function tests 

An automated clinical chemistry analyser (HITACHI 902; Roche 

Diagnostics Co., Indiana, IN, USA) was used to determine the levels of the serum 

of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and 

alkaline phosphatase (ALP).  
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Blood ammonia level 

The blood samples were collected by cardiac puncture and then centrifuged 

to obtain the plasma. The plasma ammonia measurement was performed 

enzymatically (Gebhardt and Reichen, 1994). 

Preparation of the brain homogenate 

Brain homogenisation (cerebral cortex, hippocampus and cerebellum) was 

performed using a manual homogeniser with an ice-cold Tris-HCl buffer (100 

mmol/L, pH 7.4) containing 5 mmol/L EDTA and 1%(v/v) of Triton X-100 to 

give a final concentration of 10% w/v. The homogenised brain was sonicated on 

ice for 10 minutes and centrifuged at 3,000x g for 10 minutes at 4 °C (ROTINA 

38, Tuttlingen, Germany). The supernatant was collected and stored at -80 °C. 

The protein content assay was determined by a bicinchoninic acid (BCA) protein 

assay (Smith et al., 1985) using bovine serum albumin (BSA) (Bio-Rad 

Laboratories, CA, USA) as a standard and using a SynergyTM HT microplate 

reader (BioTek, Vermont, USA) for detection. 

Measuring the cytokines  

The content of the tumour necrosis factor alpha (TNF-α) in each region of 

brain was determined using a commercial TNF-α ELISA kit (eBioscience Inc., 

San Diego, CA, USA). The content of interleukin 6 (IL-6) and interleukin 1 beta 

(IL-1β) in each region of brain were determined using ELISA kits (Immuno-

Biological Laboratories Co., Ltd., Gunma, Japan). 

Statistical analysis 

Data presentation was in the form of the mean ± standard error for the seven 

rats. A statistical significance level of 0.05 was used for the Tukey tests and  
one-way analysis of variance. 

RESULTS 

Different diet effects on the serum liver function indices in rats treated 

with CCl4 

Serum AST, ALT and ALP are biomarkers of liver function, which can 

reflect liver injury. CCl4-treated rats significantly increased in the serum activities 

of AST, ALT, and ALP when compared to the control group. However, the 

activities of AST and ALT of the PGBR + CCl4 group were significantly lower 

than that of the CCl4 group by 40.2% and 30%, respectively, as indicated in 

Figure 1. 
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Figure 1.  Liver functions in all groups. (A) aspartate aminotransferase (AST). 

(B) alanine aminotransferase (ALT). (C) alkaline phosphatase (ALP). 

Data are presented as means±SE. Number of animals in each group 

(n)=7. Means with different superscripts (a, b, c, d) in each bar are 

significantly different (P<0.05). 

 

Different diet effects on plasma ammonia levels in rats treated with 

CCl4 

As illustrated in Figure 2, the blood ammonia level in the CCl4 group was 

significantly elevated as compared to the control group. The BR+CCl4 and 

PGBR+CCl4 group were significantly lower than the CCl4 group by 29.8% and 

36.9%, respectively.  
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Figure 2. The level of blood ammonia in CCl4
- treated rats. Data are presented 

as means±SE. Number of animals in each group (n)=7. 

Means with different superscripts (a, b, c) in each bar are significantly 

different (P<0.05). 

 

Different diet effects on the TNF-α levels in the various regions of the 

brain in rats treated with CCl4 

As illustrated in Figure 3, brain inflammation induced by CCl4 provoked a 

significant increase in the TNF-α level of the cortex, hippocampus and 

cerebellum of CCl4-treated rat groups in comparison with the control group. 

However, the level of TNF-α in the PGBR+CCl4 group was significantly 

decreased in the cortex, hippocampus and cerebellum by 36.4%, 38.9% and 

36.4%, respectively when compared to the CCl4 group (P<0.05). Interestingly, 

the PGBR+CCl4 group showed a significant decrease of the TNF-α level in the 

hippocampus and cerebellum when compared to the CCl4, WR+CCl4 and 

BR+CCl4 groups. 
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Figure 3.  The TNF-α level in brain contex (A), hippocampus (B) and 

cerebellum (C) in CCl4
- treated rats. Data are presented as  

means ±SE. Number of animals in each group (n) = 7. Means with 

different superscripts (a, b, c, d) in each bar are significantly different 

(P<0.05) 
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Different diet effects on the IL-1β levels in the various regions of the 

brain in rats treated with CCl4 

To evaluate the brain inflammatory markers, the IL-1β level of the cortex, 

hippocampus and cerebellum was also examined. IL-1β is a pro-inflammatory 

cytokine that has been implicated in inflammation, pain and autoimmune 

conditions. As shown in Figure 4, a significant increase in the IL-1β level was 

observed in all areas of the brain in CCl4-treated rats compared to those of the 

control group (P< 0.05). However, the level of IL-1β in the brain cortex, 

hippocampus and cerebellum of the PGBR+CCl4 group was significantly 

decreased by 34.7%, 28.4% and 29.9%, respectively when compared to the CCl4 

group (P<0.05).  

 

Figure 4.  The IL-1β level in brain contex (A), hippocampus (B) and cerebellum 

(C) in CCl4
- treated rats. Data are presented as means±SE. Means with 

different superscripts (a, b, c, d) in each bar are significantly different 

(P<0.05). 
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Different diet effects on the IL-6 levels in the various regions of the 

brain in rats treated with CCl4 

The level of IL-6 in the cortex, hippocampus and cerebellum was also 

analyzed to evaluate brain inflammation (Figure 5). The IL-6 levels increased 

significantly in all areas of the brain in the CCl4 group when compared to the 

control group (P<0.05). The WR+CCl4 and BR+CCl4 groups had no significant 

difference in the IL-6 levels of the cortex and hippocampus when compared to 

the CCl4 group. Nonetheless, the IL-6 levels of the cortex and hippocampus of 

the PGBR+CCl4 group were significantly lower by 23% and 16.3%, respectively 

when compared to that of the CCl4 group. However, in the case of the cerebellum, 

all the rats fed with rice diets had no significant difference in the IL-6 level when 

compared to the CCl4 group. 

 

Figure 5.  The IL-6 level in brain contex (A), hippocampus (B) and cerebellum 

(C) in CCl4
- treated rats. Data are presented as means±SE. Means with 

different superscripts (a, b, c) in each bar are significantly different 

(P<0.05). 
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DISCUSSION 

Neuroinflammation is a process that has received increased attention in 

neurodegenerative diseases; such as Alzheimer’s and Parkinson’s disease, and 

has also been found in hepatic encephalopathy, which participates in more subtle 

neurological manifestations of liver disease (Butterworth, 2011). The liver plays 

a vital role in most metabolic processes. One of these processes is the 

detoxification of ammonia in the blood. The increase in blood ammonia in 

advanced liver disease is a consequence of impaired liver function. Elevated 

ammonia causes sudden swelling and inflammation of the brain, as well as brain 

function may deteriorate after acute liver failure. (Rao et al., 2010; Back et al., 

2011;  Rao et al., 2013).  

According to the results of this study, CCl4-treated rats showed a 

significant increase in the serum AST, ALT and ALP, biomarkers of liver 

damage, and blood ammonia when compared to the control group. Moreover, the 

present study revealed that after the rats were treated with CCl4 for eight weeks, 

the inflammatory cytokines including TNF-α, IL-1β and IL-6 increased markedly 

in all areas of the brain including the cerebral cortex, hippocampus and 

cerebellum. However, the study of de Souza Machado et al. (2015) demonstrated 

that male Wistar rats received a single intraperitoneal injection of CCl4 in a dose 

of 3.0 mL/kg induced the increase of TNF-α, IL-1β and IL-18 levels in the 

cerebral cortex, hippocampus and cerebellum, whereas the IL-6 and IL-10 brain 

tissues levels remained unchanged during all treatments. 

Since CCl4 is a lipid soluble, it is capable of passing through membranes 

to form deposits in a wide range of bodily tissues, especially the liver and brain 

(Dashti et al., 1989). CCl4 can be activated by the cytochrome P450 enzyme, 

especially CYP2E1, to form the trichloromethyl radical CCl3• and the 

trichloromethyl peroxy radical CCl3OO•, leading to oxidative stress and cell 

injury (Dashti et al., 1989; Bhagwat et al., 1995; Boer et al., 2009). Microglia 

become activated under brain injury and release the pro-inflammatory cytokines 

IL-1α, IL-1β and TNF-α; all of which play a crucial role in brain pathology 

(Cagnin et al., 2006; Rovira et al., 2007; García Martínez et al., 2010).  

Interestingly, the authors found that rats fed with PGBR had significantly 

reduced serum levels of ALT, AST, ALP and blood ammonia. In accordance with 

these results, the present study also found that PGBR prevented the CCl4-induced 

increase of the pro-inflammatory cytokines TNF-α and IL-1β in the rat’s cerebral 

cortex, hippocampus and cerebellum, as well as IL-6 in the cerebral cortex and 

hippocampus. The abundant bioactive compounds found in PGBR; such as, 

ferulic acid, p-coumaric acid, γ-oryzanol and γ-tocotrienol, were present at higher 

concentrations in PGBR than in white rice and brown rice (Wunjuntuk et al., 

2016b). It has been reported that these compounds have the potential to act as an 

antioxidant, which may suppress free radicals generated in the liver and brain of 

rats induced by CYP2E1-metabolised CCl4 (Kamal-Eldin and Appelqvist, 1996; 
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Abdel Wahab et al., 2003; Cheng et al., 2008; Kim et al., 2011; Saenjum et al., 

2012). In addition, GABA, which was dramatically increased during the 

germination of PGBR, may regulate the glutamatergic system by enhancing the 

release of glutamate and the sensitivity of the NMDA receptors resulting in 

memory enhancement (Zhang et al., 2010). A previous study by Hou (2011) 

reported that GABA prevented kainic acid (KA)-induced neuronal injury by 

suppressing lipid peroxidation in male FVB mice brains and inhibiting ROS 

accumulation in the rat’s pheochromocytoma cell line (PC12). Moreover, Shilpa 

et al. (2014) revealed that treatment of GABA and serotonin (5-HT) chitosan 

nanoparticles in partially hepatectomised rats were able to protect the neurons 

from ROS mediated cell damage and promoted their survival in the cerebral 

cortex by means of the regulation of the gene expression of NF-B, TNF-α, and 

superoxide dismutase (SOD). Therefore, the several bioactive compounds found 

in PGBR may suppress CCl4-induced liver and brain oxidative damage 

contributing to the inhibition of brain inflammation. However, the molecular 

mechanisms of the results need to be ascertained in further studies. 

 

CONCLUSION 

These findings revealed that PGBR could help to prevent brain pathology 

associated with brain inflammation induced by liver failure or oxidative stress. 
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