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Abstract 
 
 

In this study a well-defined animal coxsackie B3 virus infection model was used. The aim 

was to investigate the possible interaction between infection and exposure to the flame 

retardant, PBDEs (polybrominated diphenyl ethers). Female Balb/c mice were exposed to 

BDE 99 (2, 2�, 4, 4�, 5-pentabromdiphenyl ether) or Bromkal 70-5 DE, a commercial penta 

BDE mixture. The animals were infected on Day 0, treated with BDE 99 and Bromkal on Day 

1 and sacrificed on Day 3 of infection. 

It is known that increased energy is needed during infection and this is initially provided by a 

decrease in the normal protein synthesis rate, including the P450 system. Failure of 

detoxifying xenobiotics can lead to accumulation of the compound in various organs and a 

changed pattern of toxicity. Therefore, the effect of infection on gene expression of CYP2B 

(real-time PCR) and the related enzymatic activity PROD was studied in non-infected and 

infected mice, with or without PBDE-exposure. Levels of free and total thyroxine were also 

studied, as thyroid hormone concentrations are known to be affected after PBDE exposure in 

rodents.  

In non-infected mice the exposure to both PBDEs increased CYP2B gene expression and 

PROD-activity. However, the effects of Bromkal and BDE-99 on these two end-points 

seemed to be different. Bromkal compared to BDE99 showed a tendency of a more 

pronounced induction of gene expression but a lower PROD activity. No changes in thyroxine 

were observed. The CB3 infection decreased CYP2B gene expression, PROD activity and 

plasma levels of thyroxine. Results indicate that BDE99 compared to Bromkal during 

infection induces an earlier CYP2B gene expression and PROD activity. Bromkal given 

during infection may thus be less efficiently detoxified which possibly may result in more 

harmful effects than a comparable dose of BDE99.   

In this study a single exposure of the substances was given to the test animals. In real life the 

exposure to these substances is continuous and proceeds for long time and this probably alters 

the magnitude of effects compared with the results shown here. 
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1. Introduction  
 

1:1:1 Environmental pollutants 

New substances are continuously introduced into our environment. The sources are many and 

various, from accidental discharge of, e.g., dioxins to spreading of pesticides. The compounds 

are in most cases broken down in the environment and do not seem to affect human health. 

However, some of these chemicals are persistent pollutants and may cause adverse health 

effects that are not always possible to predict. This is because the pollutants are seldom 

acutely toxic and the effects of different compounds may consequently not be detected until 

adverse effects have occurred in the population. Factors that seem to be important in 

predicting a potential health effect of a pollutant are, e.g., the motility of the substance, its 

ability to bioaccumulate and its resistance to degradation. 

 
1:1:2 PBDEs    

Polybrominated diphenyl ethers (PBDEs) are 

flame-retardants widely used in, among other 

things, plastic components in electrical device 

and textiles. They are cheap to manufacture 

and this contributes to the widespread use of 

PBDEs. In 2001 the global use was estimated 

to be almost 70000 tonnes (JECFA, 2005). 

Both the structure and physicochemical 

properties are similar to those of PCB and it is 

therefore anticipated that the distribution and effects are also similar. There are 209 possible 

congeners of PBDE. Deca-BDE products are the commercially most used (80 % of the total 

market), but PBDE-compounds with lower degree of bromination also occur in the 

environment. Particularly tetra- and penta-BDE have shown ability to bioaccumulate. The 

commercial product Bromkal, as an example, is a mixture of penta-BDE congeners. Upon 

incineration, PBDEs form toxic dioxins and in the manufacturing process there is a risk of 

contamination of the technical mixtures. When the composition of the technical mixtures is 

unknown, it is difficult to determine which compounds that cause toxicity. It is therefore of 

importance to analyse and compare the effects of technical mixtures with the effects of pure 

congeners. PBDEs reach the environment by waste disposal either upon incineration or by 

Fig. 1 Polybrominated diphenyl ether (PBDE)  
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leaching from discarded products containing the flame-retardants. They can also reach surface 

waters and sediments when released via industrial effluents.  

 

 

1:1:3 Exposure and distribution 

Humans are exposed to PBDEs mainly via the food. Fatty fish has been shown to contribute 

the largest part of the total intake from food. Moreover, high consumers of fish among 

Swedish and Latvian men from the Baltic Sea area showed an increasing concentration of 

PBDEs in their serum with increased consumption of fish (Sjödin et al. 2000). Inhalation is 

also a possible route of exposure that could be of importance for the total intake. Exposure via 

this route may be continuous due to our daily use of computers, TV sets and textiles that 

contain PBDEs. A study performed at an electronic recycling facility in Sweden showed that 

the workers that dismantled electric device had elevated levels of PBDEs in blood when 

compared with other occupational groups. This observed difference is probably because of 

emission of PBDEs to the air from the electrical device in the working area (Pettersson-

Julander, 2004). Because of their lipophilicity, PBDEs accumulate in body fats. A trend of 

increasing levels of PBDEs in breast milk between 1996 and 1998, and thereafter decreasing 

levels has been shown in a study done on women in Sweden (Lind et al. 2003).  

 

1:1:4 Toxicity 

The toxicity depends on the degree of bromination of the PBDE. Congeners with higher 

degree of bromination are more easily eliminated and thus are less persistent in the body. 

There is a lack of knowledge on the toxicity of PBDEs in humans. However, experiments in 

neonatal mice exposed to BDE-99 and BDE-47 have shown these compounds to be 

neurotoxic, altering spontaneous behaviour and affecting learning and memory (Eriksson et 

al. 2001). PBDEs have also been shown to reduce both thyroxine and vitamin A levels and 

induce microsomal enzymes, i.e., the cytochrome P450 system (Hallgren et al. 2001, Skarman 

et al. 2004).  

 

 

 

1:2 Thyroxine 
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Thyroxine is produced in the thyroid gland. The thyroid hormones are transported in blood 

bound to different plasma proteins. As long as they are bound to the proteins they can�t enter 

the tissues due to their large size so they circulate in the bloodstream. There is a state of 

equilibrium between the protein-bound and free portion of the thyroid hormones and it is the 

free portion that is biologically active (can pass the cell membranes and enter the cells). In 

different tissues, especially kidneys and liver, thyroxine is transformed into triiodothyronine, 

the substance that actually mediates most thyroid hormone effects. Thyroid hormones have a 

variety of effects in the body. Metabolism, growth, development of the nervous system and 

gonadal function are all mediated by thyroid hormones. Both an increase and a decrease in the 

hormone levels can have negative effects. Metabolites 

of PBDEs have shown to compete for binding sites on 

TTR, one of the plasma proteins that transport 

thyroxine. Thyroid hormones are easily metabolized 

when not bound to a plasma protein and are then 

quickly cleared from the body, which leads to a 

decrease of thyroxine levels.     

Fig. 2 Thyroxine 

1:3 The Cytochrome P450-system 

 

The biotransformation of xenobiotics is divided into two phases, phase 1 and phase 2. The 

phase 1 reactions include hydrolysis, reduction and oxidation while phase 2 reactions include 

glucuronidation, sulfonation and conjugation with amino acids or glutathione etc. Cytochrome 

P450 enzymes catalyse many phase 1 oxidations. The different cytochrome P450-enzymes 

have broad substrate specificities and are therefore able to detoxify a large number of 

xenobiotics. The P450 enzymes are found in almost all tissues, with the highest concentration 

in the liver. The liver enzymes involved in xenobiotic biotransformation mainly belong to one 

of the three gene families, CYP1, CYP2 and CYP3 (Klaassen et al. 2001). 

 

The CYP2B enzymes have been shown to be important enzymes in catalysing formation of 

different metabolites of PBDEs in vitro (Meerts et al. 2000). Levels of CYP2B are normally 

very low in the body but increase when xenobiotics have stimulated gene expression and 

subsequent protein synthesis of CYP2B. Many xenobiotics are potent inducers of the CYP 

enzymes. The normal expression of P450 enzymes differs between individuals not only 

because of genetic differences but also because of induction by xenobiotics and influence by 
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other environmental factors. Examples of factors that influence the expression of P450 

enzymes are different medications, smoking habits, occupational exposure, foods and disease 

status, including virus infection (Klaassen et al).   

 

1:4 Infection                          

In all infections an extensive adjustment in host metabolism occurs with the aim of mobilising 

all resources so that they are directed towards protection to defeat the disease. The outcome of 

an infection depends on the host resistance. Parameters shown to suppress the immune 

response is malnutrition, but it has also been shown that certain essential (zink, selenium) as 

well as non-essential (nickel) compounds in food can affect the immunity and the host 

resistance. To attain a satisfactory functioning of the immune system a large amount of 

nutrients are required (Beisel, 1998). To meet the needs of the activated immune defence the 

bodie�s own resources must therefore be mobilised resulting in changed metabolism of fat, 

protein and carbohydrates (Ilbäck, 2005). The increased energy needed during infection is 

provided initially by a decrease in the normal protein synthesis rate, including the P450 

system, and subsequently also through a simultaneously increased degradation of somatic 

tissues. People are repeatedly exposed to certain viruses throughout their life, such as the 

common entero (gastrointestinal) viruses.  

 
The enterovirus family includes about 70 viruses, divided into coxackie A and B viruses, the 

polioviruses and the echoviruses (Modlin, 1995). During infection the virus binds to the cell 



 
 

9

receptors and is taken up in the host cell where it yields its single stranded RNA that directly 

functions as mRNA for viral protein synthesis. This initiates the acute phase reaction and can 

alter the metabolism. Normally enterovirus infections pass unnoticed or cause only mild 

symptoms in the upper respiratory system or in the gastrointestinal tract. However, in 

experimental infections using the coxsackie virus B3 (CB3) it has been shown that exposure 

to xenobiotics (e.g. heavy metals, dioxins) can increase the severity of the disease. Viral 

infections also seem to change the distribution of some substances in the body during ongoing 

infection. PBDEs, dioxins, nickel, cadmium and acrylamide are some examples of xenobiotics 

for which the distribution is changed by infection (Darnerud et al. 2005, Funseth et al. 1994, 

Ilbäck et al. 1992, Abramsson et al. 2005). A possible explanation could be that the infection 

itself, in order to meet the demand of elevated need for nutrients and energy, causes decreased 

synthesis of various proteins, including cytochrome P450s. The failure of detoxifying 

xenobiotics can lead to accumulation of the compound in various organs and increased 

toxicity. 

 

1:5 Aim 

In this project the effect of coxsackie B3 virus infection on gene expression of CYP2B and 

the related enzymatic activity PROD was studied in non-infected and infected mice, with or 

without PBDE-exposure. The effects of Bromkal 70-5 DE, a commercial pentaBDE mixture, 

and 2,2�, 4,4�, 5- pentabromdiphenyl ether  (BDE-99) were investigated.  

 

2. Material and methods 
 

2:1 Mice 

Female Balb/c mice (Scanbar B&K, Stockholm, Sweden) were kept at the Infection 

Departement, Biomedical Center, Uppsala, Sweden with a 12-hour light/dark cycle. The mice 

were grouped in six groups with five individuals per group and had free access to food and 

water (R3, Ewos, Södertälje, Sweden). Two individuals, one in group four and one in group 

six showed no symptoms on day three of infection (see below) and were excluded from the 

study. 
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2:2 Virus 

Myocarditic CB3 was used (Fohlman et al. 1990). The virus was propagated in HeLa cells, 

which were grown in Eagle minimal essential medium supplemented with 5 % fetal calf 

serum and antibiotics. Virus titers in HeLa cells were determined as plaque-forming units 

(pfu) and the stock solution was stored at �20 ºC until use. The stock solution of 10^7-10^8 

pfu/ml was diluted with phosphate-buffered saline to get 2*103 pfu/0.2ml which was 

inoculated intraperitoneally (i.p) into each mouse. 

 

2:3 Study design 

Following a two-week acclimatisation period the mice were randomly divided into six groups, 

i.e., non-infected non-treated mice (n=5), non-infected BDE-99-treated mice (n=5), non-

infected Bromkal-treated mice (n=5), infected non-treated mice (n=4), infected mice treated 

with BDE-99 (n=5) and infected mice treated with Bromkal (n=4). Mice were infected on 

Day 0, treated with BDE-99 and Bromkal (20mg/kg bw) on Day 1 and sacrificed on Day 3 of 

infection.   

 

2:4 Chemicals 

Bromkal 70-5 DE (Bromkal; Kalk Chemische Fabrik, Germany), a technical mixture mainly 

containing BDE-47 (37 %) and BDE-99 (35%), and pure (approximately 99%) 2,2�, 4,4�, 5- 

pentabromdiphenyl ether  (BDE-99) were used. The BDE-99 (a gift from Dr. Hellmuth 

Lilienthal, Germany) was analysed for purity with HRGC/HRMS by Ökometric, Germany. 

Both substances were dissolved in corn oil to a concentration of 20 mg/ml. Mice in the control 

group were administered corn oil. 

 

2:5 Primer design and Real-time PCR 

 

Uracil-DNA-Glycosylas (UNG), heat-labile, from Roche (Cat. No. 1775367), RNas inhibitor 

2500 U from Cabiochem (Cat. No. 556881) and 

LightCycler Capillaries from Roche (Cat.No. 1909339) were used. 

  

The preparation of RNA from liver was done using Qiagens RNA/DNA Mini Kit from 

Qiagen (Cat. No. 14123) and according to the Qiagen RNA/DNA Handbook included in the 

kit. RNA was then reversed to cDNA by using Omniskript Reverse Transcription kit from 
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Qiagen (Cat. No. 205113) according to the method described in Omniscript reverse 

Transcription Handbook, July 2003. 

The search for a suitable gene sequence was performed by using the National Centre for 

Biotechnology Information homepage (NCBI, http://www.ncbi.nlm.nih.gov) under nucleotide 

search.  The sequence was NM_009998. The same page was used for comparing the selected 

sequence with the genome of mus musculus to make sure that the chosen sequence isn�t 

coding for a different protein than CYP 2 B and to find intron/exon boundaries.  

Intron/Exon boundaries were marked in the Primer Express 2.x program. The program then 

gains forward and reverse primer and probe proposals from the chosen sequence and the 

following combination was selected: 

Reverse primer: 5� GCCCTTCTCAACAGGACAAATTT 3� 

Forward primer: 5� GCCAATGCTTTCACCAAGACA 3� 

Probe: 5� TGATCAAAAGTCTGTGGGAAAGCGCAT 3� 

The above selected primers were purchased from Thermo, electron corporation 

(http://www.thermohybaid.de/cgi-bin/oligos-

new/order.py?SESSIONID=A1064305571.44#ORDERFORM). 

The probe, a TaqMan probe, was purchased from TIB Molbiol, Berlin, Germany (www.TIB-

MOLBIOL.com). 
 

Table 1. The combinations of reverse and forward primers tested in the primer optimisation. 

50nM forward primer  

50nM reverse primer 

50nM forward primer  

300nM reverse primer 

50nM forward primer  

900nM reverse primer 

300nM forward primer  

50nM reverse primer 

300nM forward primer  

300nM reverse primer 

300nM forward primer 

900nM reverse primer 

900nM forward primer  

50nM reverse primer 

900nM forward primer 

300nM reverse primer 

900nM forward primer 

900nM reverse primer 

 

Real-Time PCR 

To find the right concentrations of forward and reverse primer a primer optimisation was 

performed according to Table 1.  

For the primer optimisation the LightCycler FastStart DNA Master SYBR Green 1 kit from 

Roche (Cat. No.  3003230) was used according to the instruction manual version 7, October 

2003. The primer concentrations were tested according to table 1 using a RealTime PCR, 

LightCycler 3.5 from Roche. The combination of primers giving the lowest crossing point 
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value (CT-value) was used. The CT-value represents the number of cycles passed when a 

detected amplification is recorded. In this case the highest concentration of forward and 

reverse primers (900nM/900nM) was chosen. The concentration of the probe was 225 nM. A 

melting curve was determined to reveal formation of unspecific products. A housekeeping 

gene is a reference gene that codes for proteins constitutively on a standardised level in all 

samples to be analysed. Here we used the gene GAPDH (glyceraldehyde-3-phosphate 

dehydrogenase). It catalyses an important energy yielding step in carbohydrate metabolism. 

Primers for the housekeeping gene were purchased from Invitrogen life technologies 

(Mouse/Rat GAPDH-Certified LUX� Primer Set, Cat. No. 100 M-01 FAM labelled, size 

100µl*2) Thermal profile: 95°C for 10 min followed by x cycles of 10 seconds at 95°C, 30 

seconds at 54°C and 30 seconds at 40°C. 
 

 

 

2:6 Pentoxyresorufin-O-dealkylase (PROD) 

The PROD activity was measured according to the method originally described by Pohl and 

Fouts (1980) and modified by Sinjari et al. (1993). Protein concentration was determined 

according to the method described by Hartree  (1971). 

 

2:7 Thyroxine, free (FT4) and total (T4) 

For measurement of the serum concentration of free thyroxine (FT4) the AMERLEX-MAB* 

FT4 Kit from Trinity, biotech was used. For measurement of the serum concentration of total 

thyroxine (T4) the DSL-3200 ACTIVE Thyroxine Coated-Tube Radioimmunoassay Kit from 

Diagnostic Systems Laboratories, Inc. was used. 

 

2:8 Calculations and statistics 

Calculations: After the PCR-reaction the 2-∆∆CT was calculated to get the gene expression 

values. ∆CT is the difference between CT values of the house keeping gene and the CYP2B 

gene. ∆∆CT is ∆CT minus the mean value of the differences in the control groups. 

Statistics: Differences between means of control, infected and treated groups were tested with 

the non-parametric Mann-Whithney test (Minitab 12 for Windows). A significant difference 

is defined as p<0.05.    
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3. Results 
All mice except two (one in the infected and non-treated group and one in the infected and 

Bromkal-treated group) showed clinical signs of disease at day 3, without any mortality. 

Following experimental infection, clinical signs of disease (e.g. ruffled hair and inactivity) 

started to appear on day 2, and a peak of viremia occurred around days 3 and 4. In the groups 

that were infected with coxsackie B3 virus, two individuals showed no symptoms of infection 

at the end of the experiment. Data from these two animals were not used in further statistical 

evaluation.  

 

Gene expression data (Fig. 4) from non-infected mice showed numerically higher CYP2B 

transcript concentrations both in the BDE-99 and Bromkal groups compared to non-infected 

control animals, but the differences were not significant. In the groups infected by the CB3 

virus the CYP2B gene expression was lower than in the non-infected groups. The differences 

were however not significant. There was a significantly higher expression (p =0.02) of the 

CYP2B gene in the group infected and exposed to BDE-99 when compared to the other two 

infected groups.  

Gene expression of CYP2B in liver
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Fig. 4. Gene expression of CYP2B in the liver in control and CB3 infected female Balb c mice with or without 

treatment with BDE-99 or Bromkal. The bar chart shows the mean value + SD of 2-∆∆CT in each group.  

 

The PROD activity in non-infected mice was significantly increased (p=0.012) after BDE99 

administration, and a similar but non-significant increase was observed in the Bromkal group. 

Generally, in CB3 infected animals considerably lower PROD levels were shown compared to 
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non-infected mice. Within the infected groups, PROD activity was significantly lower after 

Bromkal treatment than after BDE99 treatment (p< 0.02). 

PROD
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Fig 5. PROD-activity in the liver in control and CB3 infected female Balb/c mice with or without treatment 

with BDE-99 or Bromkal. The bar chart represents the mean value + SD of PROD activity in the different 

groups.  

 

The infection, regardless of BDE-99 or Bromkal treatment, caused a significant (p=0.02) 

decrease in both the free and the total levels of thyroxine (Figs. 6 and 7). The plasma level of 

free thyroxine was significantly increased in the infected group exposed to Bromkal when 

compared to the group that was infected and untreated and when compared to the infected 

group that was exposed to BDE-99. There was also a significant difference in plasma levels of 

total thyroxine between the two substances, higher in BDE99 treated group, in the groups that 

were infected with CB3 virus. 
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Fig. 6 Plasma concentration of free thyroxine in control and CB3 infected female Balb/c mice with or without 

treatment with BDE-99 or Bromkal. The bar chart represents the mean value +SD of the plasma concentration.  

 

 

Total thyroxine
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Fig. 7 Plasma concentration of total thyroxine in control and CB3 infected female Balb/c mice with or without 

treatment with BDE-99 or Bromkal. The bar chart represents the mean value + SD of the plasma concentration in 

the different groups. 

 

4. Discussion 
The aim of this study was to investigate the possible interaction between infection and 

exposure to environmental pollutants in a well-known animal model. Generally, the effect of 

the infection as such on the studied end-points was marked and in all cases resulted in a 

decrease in activities/levels. The effect of viral infection on CYP enzymes and on thyroid 

hormones has earlier been shown (Darnerud et al. 2005, Ilbäck 2005) and the mechanistic 

understanding behind this has been discussed. 

 

After a single exposure to the penta congener BDE-99 and to the commercial penta-BDE 

mixture Bromkal the expression of the CYP2B gene was, although insignificantly, 

numerically higher than in the control.  Among the infected animals gene expression was 

generally decreased, but the pure congener BDE-99 showed a significant (p=0.02) induction 

of the CYP2B gene expression compared both to the control and the Bromkal groups. 

Notably, the induction of CYP2B suggested in the non-infected Bromkal group did not occur 

in infected animals.  
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The pattern of PROD activity in the different groups corresponded relatively well to CYP2B 

gene expression data in these groups, and a general decrease in PROD activities in infected 

mice is notable and in agreement with what earlier was shown (Darnerud et al. 2005). 

However, in non-infected mice Bromkal treatment seemed to result in a more pronounced 

increase in CYP2B gene expression but in lower PROD activity than that recorded in the 

BDE-99 groups. In earlier studies, PROD induction was not reported after either Bromkal or 

BDE-47 exposure to C57BL mice (daily gavage for 14 days), but Bromkal induced PROD in 

rats (Hallgren et al. 2001). In that earlier study, BDE-99 was not tested. The present study 

suggests that in infected animals the PROD activity was induced in BDE-99-exposed animals 

as compared to both control and Bromkal-exposed animals, and the same picture was 

suggested regarding CYP2B gene expression. The cause for this specific effect of BDE-99 in 

infected animals is at present not known.  

 

When gene expression is induced, production of proteins occurs within hours. The expression 

of genes is quickly shut down when the inducer is not present and when sufficient amounts of 

proteins for breaking down the substance have been synthesized. This sensitive on and off 

regulation results in a large variation within the groups where genes are induced. The 

probability that the genes of all individuals are expressed to the same degree at the same time 

is very small and may explain variability in CYP2B gene expression data in the present study. 

As mentioned before, infection leads to a decreased protein synthesis and altered metabolism 

that may explain the smaller variation within the groups that were infected compared to 

uninfected control mice (Ilbäck 2005).  

 

In the present study, both total and free plasma thyroxine levels were lower (non-

significantly) in non-infected mice after BDE-99 and Bromkal exposure. Significantly 

decreased thyroxine levels have earlier been shown in mice and rats after repeated Bromkal 

and BDE-47 exposure (Hallgren et al. 2001). In infected mice, the thyroxine levels were much 

lower and differences between groups were smaller. However, as for CYP2B gene expression 

and PROD-activity, Bromkal exposure in infected mice resulted in a different response 

compared to BDE-99, i.e., the total thyroxine concentration decreased.  

 

The difference in effects of the two substances Bromkal and BDE-99 might be explained by 

the presence of other congeners than BDE-99 in the technical mixture Bromkal. As mentioned 

earlier BDE-99 is a single congener, 2,2�,4,4�,5-pentabromdiphenyl ether, with a purity of 
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approximately 99%. On the other hand Bromkal is a mixture of several tetra- and penta 

congeners, mainly BDE-99 and BDE-47, and could also be suspected to contain contaminants 

(e.g. dioxin-like compounds) having effects on the studied end-points.  An earlier study 

showed that some PBDEs, BDE-99 among them, significantly inhibit TCDD-induced EROD 

activity in hepatocytes of male carp (Kuiper, et al. 2004), which indicates that brominated 

compounds may in some way interfere with dioxin receptor-mediated mechanisms.    

 

A possible explanation for the differential effects of BDE-99 and Bromkal on thyroxine 

concentration, as well as on CYP2B gene expression and PROD activity, might be that BDE-

99 compared to Bromkal induces an earlier response on the genes for CYP2B expression. If 

the gene expression during infection is affected earlier by BDE-99 than by Bromkal, then the 

effect might occur before protein synthesis is severely down regulated by the infection (Beisel 

1998, Ilbäck 2005). Bromkal on the other hand did not seem to affect the protein synthesis in 

terms of PROD activity. Thus a delay in induction of gene expression and associated lower 

PROD activity because of infection could result in a less efficient detoxification of the 

substance during infection and possibly in more harmful effects. This may also be supported 

by the thyroxine results in the Bromkal treated group, showing a greater decrease than after 

BDE-99 treatment.  

 

In conclusion we have seen that infection leads to a decrease in CYP2B gene expression, 

PROD activity and plasma levels of thyroxine. In non-infected mice the exposure to both 

PBDEs increased CYP2B gene expression and PROD-activity. However, the effects of 

Bromkal and BDE-99 on these two end-points seemed to be different. Bromkal compared to 

BDE99 showed a tendency of a more pronounced induction of gene expression but a lower 

PROD activity. No significant changes in thyroxine concentration were observed. The CB3 

infection decreased CYP2B gene expression, PROD activity and plasma levels of thyroxine. 

The results indicate that BDE99 compared to Bromkal during infection induces an earlier 

CYP2B gene expression and PROD activity. Bromkal given during infection may thus be less 

efficiently detoxified than BDE99 which possibly results in more harmful effects than a 

comparable dose of BDE99.   

 

In this study a single dose of the substances was given to the test animals. In real life the 

exposure to these substances is continuous and proceeds for long time and this probably alters 

the magnitude of effects compared with the results shown here. In addition, the choice of test 
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animal could affect the results as differences in effects of PBDE exposure were previously 

found when mice or rats were used (Hallgren et al. 2001).  

The study shows that infection interacts with endpoints that are important when studying the 

toxicity of xenobiotics. The consequence of this interaction is a change in the distribution and 

metabolism of xenobiotics.    
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