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Abstract 

Treatment of inflammatory bowel disease (IBD) in dogs commonly consists of 

modification of the diet and immunomodulation by means of prednisolone or 

metronidazole. Unfortunately, these therapeutics have their drawbacks and negative 

side-effects and their effect has not always been proven. A more natural and safe 

alternative might be curcumin, a major constituent of curry powder, prepared from the 

roots of Curcuma longa. Various preclinical and clinical studies show that curcumin 

might help in all sorts of chronic diseases, including neoplastic, neurological, 

cardiovascular, pulmonary, metabolic and psychological diseases. An experiment was 

set up to test the possible attenuating effects of curcumin in dogs with IBD. Canine whole 

blood was triggered to inflammation by lipopolysaccharide in the presence of various 

concentrations of curcumin (1nM, 10 nM, 100 nM, 1 μM, 10 μM). Besides standard 

curcumin, Meriva® was tested, a curcumin-phosphatidylcholine complex that has been 

shown to be absorbed better. After 24 hours of incubation with LPS and curcumin or 

Meriva®, the pro-inflammatory mediators prostaglandin E2 (PGE2) and interleukine 6 

(IL-6) were measured. The results showed that curcumin and Meriva® in a 10 μM 

concentration can attenuate inflammation by decreasing PGE2 production, as 

demonstrated in a model of whole canine blood stimulated with LPS. IL-6 levels seemed 

not to be influenced by curcumin or Meriva®. Considering the small sample size of our 

study and the intrinsic biological variation in our model, it should however be noted that 

no firm conclusions can be drawn from our results. Former research is ambiguous about 

the effect of curcumin on both PGE2 and IL-6, but curcumin has shown to be a promising 

cure for several diseases and ailments. There is strong suggestion that human IBD is one 

of the diseases that might be alleviated by curcumin, and hopefully this goes for canine 

IBD as well. Our experiment was set up as a small step towards a possible clinical trial 

testing the effects of curcumin on canine IBD. Future research will hopefully facilitate 

the use of this age-old medicine in the veterinary clinic.   
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Introduction  

Inflammatory bowel disease (IBD) is not only relatively common in humans, manifesting 

as Crohns’ disease or ulcerative colitis, but can also occur in dogs. It manifests as a 

chronic enteropathy, defined as so when it lasts more than three weeks and when 

mucosal inflammation is histologically demonstrated and other possible causes of 

enteritis have been excluded (Cerquetella et al., 2010). Several types of IBD are seen in 

dogs; they are classified with regard to the specific location and the predominant cells 

infiltrating the intestinal wall. Types occurring in the small intestine are for instance 

lymphocytic-plasmacytic enteritis, eosinophilic enteritis, protein-loosing enteropathy, 

granulomatous enteritis. The large intestine can be affected by lymphocytic-plasmacytic 

colitis, eosinophilic enterocolitis, histiocytic colitis and granulomatous colitis. IBD can 

also occur in both large and small intestine, and even in the stomach. IBD seems to affect 

mostly middle-aged dogs, without sex predisposition. There are breed predispositions 

however, with most often very specific IBD forms occurring in specific breeds: examples 

are histiocytic ulcerative colitis in Boxers, protein-loosing enteropathy in Soft-Coated 

Wheaten Terriers, immunoproliferative enteritis in Basenjis and so-called Lundehund 

diarrhoea. A recent study identified Weimaraner, German shepherd dog, Border Collie, 

and Boxer as the most susceptible canine breeds in the south-eastern UK for developing 

IBD (Kathrini et al., 2011).  

Since the intestinal mucosa is in contact with the resident microbial flora, food and 

passing microbes, local immunity has a very important barrier function. IBD is thought 

to develop as a result of a deregulation of mucosal immunity, perhaps due to a loss of 

tolerance to antigens like food components or bacteria (Allenspach et al., 2011). The 

specificity of the immune system is partly based on pattern recognition receptors, that 

are able to recognize pathogens by their molecular pattern. Toll-like receptors (TLRs) 

make up an important part of these pattern recognition receptors. When they are 

stimulated TLRs start their pro-inflammatory action by starting a cascade of cytokines. 

Three specific TLRs (2,4 and 9) were recently found to be up-regulated in dogs with IBD. 

In humans, the same was demonstrated for TLR4. Some polymorphisms in Toll-like 

receptors have been shown to be associated with IBD in dogs. They were located in the 

TLR4 and TLR5 genes (Kathrani et al., 2011).  

A Toll-like receptor like TLR4 can induce nuclear factor B (NF-B), the central 

transcription factor of the immune system, that in turn can stimulate pro-inflammatory 

cytokines and other mediators of inflammation. In biopsy samples from dogs with IBD, a 

higher NF-B activation was found in lamina propria macrophages as compared to the 

controls (Luckschander et al., 2010). Although cytokines seem to be involved in the 

immunoreactions leading to IBD, studies disagree on whether specific cytokine 

expression is increased in dogs with IBD. In a study on German shepherd dogs with IBD, 

mRNA expression of cytokines like IL-2, IL-5, TNF-α, and TGF-ß were shown to be higher 

than in controls (Jergens et al., 2009; Schmitz et al., 2012). Other mediators are likely 

involved in IBD as well.   



5 
 

Prostaglandin E2 (PGE2) is a lipid mediator involved in inflammation (Koeberle et al., 

2009). Its biosynthesis starts with arachidonic acid being converted to PGH2 by 

cyclooxygenases, COX-1 and COX-2. PGH2 is subsequently transformed to PGE2 by PGE2 

synthases. The cytosolic PGE2 synthase is the more constitutive form and preferentially 

couples to COX-1, whereas the microsomal PGE2 synthase is linked to COX-2. The latter 

two enzymes can be induced by several pro-inflammatory stimuli.  PGE2 has been found 

to be produced in excess in IBD, and enhances the development and function of IL-17 

producing CD4 T helper cells (Barrie et al., 2011). The resulting Th17-mediated chronic 

inflammation has recently received attention as an important mechanism in human IBD.  

 

A very important mediator in the Th17 reaction is interleukin 6 (IL-6), a cytokine that 

regulates the balance between Th17 cells and Treg cells (Kimura et al., 2010). The latter 

cells are the regulatory T cells that have an immunosuppressive function. One of its most 

important anti-inflammatory cytokines is IL-10. Blocking this Treg cytokine led to the 

development of spontaneous inflammation of the gastrointestinal tract in mice. As a 

regulator of the Treg/Th17 balance IL-6 shifts the immune system towards a more pro-

inflammatory state by inducing development of Th17 cells and inhibiting the production 

of Treg cells (Mudter et al., 2007). In various animal models of IBD a neutralizing 

antibody against the IL-6 receptor could suppress colitis (Atreya et al., 2000; Yamamoto 

et al., 2000).  Recently however, Schmitz et al. (2012) could not find evidence of the 

contribution of Treg and Th17 to canine IBD, as no involvement of their signature 

cytokines (like IL-10 and IL-17 respectively) was seen in IBD affected dogs.   

 
Treatment of IBD in dogs involves modification of the diet, and possibly 

immunomodulation by means of prednisolone or metronidazole. Metronidazole also has 

an antimicrobial action that might contribute to its positive effect. Other possible 

immunomodulating or anti-inflammatory drugs that can be used are azathioprine, 

cyclosporine, chlorambucil, cyclophosphamide and 5-aminosalicylates. Unfortunately, 

all those therapeutics have their drawbacks and negative side-effects. Besides, the effect 

on IBD has not always been proven.   

 
A more natural and safe alternative might be curcumin. Curcumin is a major constituent 

of curry powder, prepared from the roots of Curcuma longa (Aggarwal, 2009a). In 

traditional Indian medicine (Ayurveda) it has been used for at least 4000 years for 

several ailments; traditional Chinese and Arabian medicine mention the use of turmeric 

as well. Curcumin’s modern use is as spice and colorant (E100). Its active ingredient is 

diferuloylmethane, a compound in which two oxy-substituted aryl units are connected 

by a seven carbon chain (Stankovic, 2004). Besides curcumin (making up 77% of the 

curcuminoids in turmeric), the analogues demethoxycurcumin (17%) and bis-

demethoxycurcumin (3%) are found naturally. In these molecules one or two methoxy 

groups are absent, respectively (shown in figure 1).  
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Figure 1: Curcumin and the two analogues that are most common in turmeric (Srivastava 

et al., 2011).  

Vogel and Pelletier were the first to isolate curcumin in 1815 and its chemical structure 

was determined in 1910 by Milobedzka and Lampe (Wahlang et al., 2010). Its use in 

medicine has long been described only sporadically, with publications in 1937 (use in 

biliary disease), 1949 (its antibacterial action), and 1972 (as an antidiabetic), but since 

1990 publications on curcumin have increased exponentially from about 10 per year to 

almost 700 in 2011.  Various preclinical and clinical studies show that curcumin might 

help in all sorts of chronic diseases, including neoplastic, neurological, cardiovascular, 

pulmonary, metabolic and psychological diseases (Aggarwal et al., 2009a; Epstein et al., 

2010). Curcumin is considered to be very safe in human trials: daily doses up to 12 g are 

well tolerated, with only some diarrhea as a minor side effect (Jurenka et al., 2009). 

Drawback of curcumin however is its low bioavailability, due to poor absorption in the 

guts, a large first pass effect, and a rapid elimination (Wang et al., 1997). Elimination 

occurs mainly through glucuronidation and sulphation in the liver, and partly by 

reduction to tetrahydrocurcumin. In a phase II trial testing curcumin for pancreatic 

cancer, plasma levels were found to be only 22-41 ng/mL, even at high oral doses (Shen 

et al., 2012). Several strategies have been invented to improve curcumin’s 

bioavailability, for instance using nanoparticles (Sasaki et al., 2011), heat treatment 

(Kurien et al., 2009), cyclodextrin (Ali et al., 2012), micelles (Setthacheewakul et al., 

2010; Zhang et al., 2012) or liposomes (Cuomo et al., 2011).  An example of the latter is 

Meriva®  (Belcaro et al., 2010): a curcumin-phosphatidylcholine complex that has been 

shown to be absorbed better. Peak plasma levels and area under the plasma 

concentration time curve values for curcumin after administration of Meriva® were 

fivefold higher than the equivalent values seen after unformulated curcumin (Marczylo 

et al., 2007). Besides a better absorption and bioavailability, pharmacokinetics were 

better as well using Meriva ®: the half-life in plasma was almost doubled compared to 

normal curcumin (Gupta et al., 2011).  



7 
 

Curcumin has shown its benefits in the several animal models for IBD that have been 

developed: MDR gene-deficient mice, induction with trinitrobenzene sulphonic acid, 2,4-

dinitrochlorobenzene or dextran sodium sulphate, or IL-10 knock out mice (Larmonier 

et al., 2008). In all of these models curcumin has shown a protective effect against gut 

inflammation. Curcumin seems to have numerous pharmacological targets, but its anti-

inflammatory action is mainly attributed to its interference with the arachadonic acid 

cascade and blockade of NF-B (Aggarwal et al., 2009b).  

Although several publications have shown the antioxidant and anti-inflammatory effects 

of curcumin in vitro, so far only two clinical trials have been performed regarding IBD 

(Ali et al., 2012). In the first, by Holt et al. in 2005, 5 UC and 5 CD patients received 550 

mg curcumin TID for 3 months. It lead to clinical improvement in 9 of them. They also 

needed less medication when they took curcumin . The other study, by Hanai et al. in 

2006, had 89 participants with quiescent UC. They received 1g of oral curcumin BID for 

6 months, leading to clinical improvement. At the end of the study 2% of the patients 

taking oral curcumin had relapsed, compared to 21% in the placebo group.   With such 

results, one would expect that many more trials are on the way, but there are only a few. 

One is a phase I clinical trial (completed; results are pending, www.clinicaltrials.gov) in 

which the tolerability of curcumin in pediatric patients with IBD was studied. Another 

trial studies the efficacy of Coltect, a supplement for UC patients, containing curcumin, 

green tea and selenium.  

 

The translation from the many positive effects of curcumin in vitro to using it as a 

possible cure in the clinics seems to be hard and time-consuming. In the present study 

an attempt was made to proof that curcumin is a promising candidate for use in dogs 

with IBD. As a first step towards this goal, the anti-inflammatory effects of curcumin 

were to be demonstrated in a whole blood assay using canine blood triggered to 

inflammation by bacterial lipopolysaccharide (LPS). To show the potency of curcumin in 

attenuating inflammation, the inflammatory mediators PGE2 and IL-6, that are also 

involved in IBD, were measured.  

 

Materials & Methods 

 Chemicals 

Curcumine (92% CURCUMIN, 99% TOTAL CURCUMINOIDS) was obtained from Sigma-

Aldrich (prod.nr. C7727). Meriva®/Curcuvet® (20.1% of total curcuminoids) was 

kindly provided by Indena. LPS from E. coli 0111:B4 was obtained from Sigma-Aldrich: 

cell culture tested, purified by gel-filtration chromatography, γ-irradiated (prod. Nr. 

L4391). RPMI, HBBS, and DMSO were kindly provided by Jeanette Wolfswinkel of the 

Genetics lab.  

 Blood samples 

http://www.clinicaltrials.gov/
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Blood was collected from 6 healthy test dogs of the Faculty of Veterinary Medicine. 15 

mL of blood was drawn from each dog; 14 mL was collected in a 10 mL and 4 mL Li-

heparine blood tube, and 1 mL was put in a EDTA-tube for microscopic examination. 

Blood collection was performed by veterinary interns, as approved by the Dier-Ethische 

Commissie.  

 Incubation assay 

Fresh blood was collected from a dog into warmed sterile vacuum tubes containing Li-

heparin. 14 mL of heparinized whole blood was directly added to 28 mL of warm (37°C) 

RPMI medium. 2.8 mL of this suspension was brought into 14 polypropylene 5-mL tubes 

(or 12-well plates, in one case). 100 μL of test solution was then added: either a Meriva 

solution, a curcumin solution or plain HBBS. Meriva® and Curcumin solutions were 

prepared from a solution of 55 mg of Meriva® and 11 mg curcumin respectively in 10 

mL of DMSO. This stock solution was diluted 10 times with HBBS to obtain the X 

solution, for the tubes with highest curcumin-concentration. The X solution was diluted 

10 times to obtain the I solution; the 100, 10 and 1 solutions were produced in a similar 

way by diluting the preceding solution. The mixtures of blood:RPMI:test compound were 

incubated for 30 minutes at 37°C. 100 μL of lipopolysaccharide (LPS) solution or HBBS 

was then added to the tubes: the LPS solution was prepared by dissolving 1 mg of LPS in 

333 μL in HBBS, and transferring 20 μL of this solution to 2 mL of HBBS. The assay tubes 

were then incubated in a 5% CO2-incubator at 37°C for 24 hours. After incubation the 

sunken blood cells were resuspended and a 20 μL was taken for microscopic 

examination on leukocyte viability. For that purpose 20 μL of 1% Trypan Blue solution 

was added. After 3-5 minutes a drop of this mixture was microscopically examined in a 

haemocytometer to differentiate between dead (blue) and live (unstained) leukocytes. 

The tubes containing the blood:RPMI suspensions were centrifuged for 5 minutes at 

4000 × g. The supernatant of each tube was then divided to 5 Eppendorf tubes, about 

400 μL each. The Eppendorf tubes were labeled accordingly, put in a box, and stored at -

80°C.  

 Measurement of PGE2 

 The samples were thawed for analysis. A PGE2 high sensitivity EIA kit (Enzo® Life 

Sciences) was used, and the analysis steps were performed according to the protocol. 

For the first (pilot) assay serial dilutions of 1, 10, 100, 1000 and 10 000 times were 

made by adding 20 μL of the foregoing dilution to 180 μL of assay buffer (belonging to 

the kit). For the second assay only 1000 × solutions (for Meriva® and Curcumine 

preparations and the LPS blank) or 100× solutions (for the other 3 blanks) were used. 

For the former 10 μL of plasma was added to 990 μL of HBBS; for the latter 20 μL of 

plasma was added to 180 μL of HBBS. For the final dilution 30 μL of these solutions were 

added to 270 μL of assay buffer. The plates were incubated for 20-22 hours with 

antibody and conjugate, then washed, after which substrate was added. A 1-hour 

incubation followed, then stop solution was added and the plate measured using a 
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BioRad iMarkTM Microplate reader. The computer used Microplate Manager 6.1 to 

interpret and structure the data.      

 

 Measurement of IL-6  

The samples were thawed for analysis. A Quantikine® Canine IL-6 immunoassay was 

used, and the analysis steps were performed according to the protocol. Dilution of the 

samples was not necessary and incubation time was a total 4½ hours. A BioRad iMarkTM 

Microplate reader and Microplate Manager 6.1 were used.   

 Statistics 

Microsoft Excel 2007 was used for calculations and preparing the tables.  

 

Results  

 General/cell viability 

Assesing the cell viability was done by staining the blood cells with Trypan Blue. 

Unfortunately, white blood cells were very hard to find in the samples that had been 

incubated for 24 hours. Only a few white blood cells were seen, stained as well as 

unstained, roughly in the same amount. Using an Advia 120 hematology analyzer it 

could be shown that the incubated blood samples did actually contain lymphocytes still, 

albeit in somewhat smaller numbers than references for canine blood prescribe 

(corrected for the dilution with RPMI). With such low numbers of visible cells, no 

conclusions could be made regarding viability.    

 PGE2  

PGE2 was measured in the thawn serum samples. Fourteen distinct samples were 

present (see table 1).  

Table 1: The fourteen different samples used in the whole blood assay. 

Name of the sample Meriva Curcumin LPS 
M1 1 nM - 1 μg/mL 

M10 10 nM - 1 μg/mL 
M100 100 nM - 1 μg/mL 

MI 1 μM - 1 μg/mL 
MX 10 μM - 1 μg/mL 
C1 - 1 nM 1 μg/mL 

C10 - 10 nM 1 μg/mL 
C100 - 100 nM 1 μg/mL 

CI - 1 μM 1 μg/mL 
CX - 10 μM 1 μg/mL 
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L - - 1 μg/mL 
M 10 μM - - 
C - 10 μM - 
B - - - 

 

In a pilot experiment the necessary dilutions were explored. The samples containing no 

LPS seemed to be best measured at a 1000x dilution; for all the other samples that was 

found to be a 10 000x dilution. The samples of dog 4 were used for this experiment; the 

results are shown for the dilutions that worked (see figure 2). 

 

 

Figure 2: PGE2 levels as measured in the samples of dog 4, expressed as a percentage 

relative to LPS control (L).The blank and other (negative) controls (B, M and C) show only 

a relatively small amount of PGE2, whereas both the highest concentration of Meriva®, 

and of curcumin seem to decrease the production of PGE2 in the canine blood after LPS 

stimulation. In the other concentrations of curcumin or Meriva® however the PGE2 

production was higher than in the LPS control. The measured PGE2 concentration in this L 

sample was 118 000 pg/mL. In this pilot analysis measurements were performed only once 

in the sample dilutions used (1000x for B, M and C; 10 000x for the LPS challenged 

samples).  

A new series of measurements was done on the samples of dog 2 and 3, and dog 4 again. 

Samples of dog 2 and 3 were measured twice; the samples of dog 4 once. The results are 

shown in the figures 3, 4 and 5.  
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Figure 3: In dog 2 the PGE2 production in the LPS control was 115 000 pg/mL.  In the rest 

of the samples the amount of PGE2 was lower, especially in the highest concentration of 

Meriva and curcumin, but typically even more so in the Meriva samples containing 10 and 

100 nM. The latter value was below the calibration range of the PGE2 test. PGE2 levels in 

the blanks (B, M and C) were above the calibration range.  

 

Figure 4: In dog 3 the PGE2 level in L was 37 000 pg/mL, much lower than measured in the 

other dogs before. The pattern reminds of the first test of the dog 4 samples (shown 

before), with lower levels of PGE2 for the highest concentration of Meriva® or curcumin, 

and the other samples comparable to the LPS control. The quantity in CX was below 

calibration range; B, M and C had levels above calibration range.  
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Figure 5: In the second measurement of the dog 4 samples the PGE2 level in L was 175 000 

pg/mL, which is somewhat higher than measured in the first analysis. Again, the PGE2 

levels are lowest in the MX and CX sample. Typically however, in this trial only the C10 is 

higher than the LPS control, whereas in the first measurement of dog 4 almost all samples 

with curcumin/Meriva ® showed higher PGE2 amounts than L.   

 IL-6  

IL-6 was measured using a Quantikine® Canine IL-6 Immunoassay. The thawed serum 

samples did not need to be diluted. Values for dog 4 and 5 (figure 7 and 8) are based on 

double measurements; triple measurements were done on the samples of dog 3 and 6 

(figure 6 and 9).   

 

Figure 6: Dog 3 shows IL-6 levels with only little variation in the samples that are 

stimulated with LPS.  IL-6 in the LPS challenged sample L was 1200 pg/mL.  
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Figure 7: The IL-6 amounts in dog 4 are roughly two times lower than in dog 3 (LPS 

sample: 600 pg/mL), but the pattern is the same: high levels in the LPS stimulated samples, 

regardless of the presence of curcumin of Meriva®, and some IL-6 production in B, C and 

M.  

 

Figure 8: Dog 5 shows a completely different pattern of IL-6 production: quite high in the 

LPS control, low in the curcumin samples, and about half the LPS level in Meriva samples. 

The IL-6 amount in the L sample was 1000 pg/mL.  
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Figure 9: Dog 6 even had another pattern: low in the LPS control (relative as well as 

absolute: 200 pg/mL), slightly higher at the highest concentrations of Meriva® and 

curcumin, with increasing IL-6 levels towards the lower curcumin and Meriva® 

concentrations. IL-6 in B, C and M was below measuring threshold.  

 

Discussion 

 
In our assay, the Trypan Blue exclusion test was used to determine the number of viable 
cells present in the blood sample after the 24-hour incubation. Live cells possess intact 
cell membranes that exclude trypan blue, whereas dead cells do not. The test can be 
disturbed by protein-rich media, which gives a background stain, and by letting the cells 
incubate for longer than 5 min with the Trypan Blue solution, as cells might die because 
of that (Strober et al., 2001).  
 
But even with those notices the Trypan Blue Exclusion test did not work out on our 
blood samples. Starting with the basic protocol,  adaptations were made in incubation 
time, dye/sample ratio, sample preparation, but still only low numbers of leukocytes 
could be found, stained or unstained. Even skilled laboratory workers could not find 
them, although the hematology analyzer of the UVDL lab revealed that the canine blood 
contained an amount of leukocytes that fell only slightly below reference values. 
Probably the leukocytes adhered to the sides of the polypropylene containers, but no 
evidence was found for that hypothesis.  
 
With this unfunctional Trypan Blue Exclusion we could not test the viability before and 

after the incubation with curcumin and LPS.  Thus, we could not see whether LPS, 

curcumin or some other compound caused cell death during the incubation. Based on 

former research we can however conclude that curcumin is well tolerated by cells.  

Larmonier et al. (2011) used the Trypan Blue exclusion test to assess the cell viability of 
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neutrophils with different concentrations of curcumin. At 10, 25 and 50 μM more than 

95% of the cells remained viable after 2 hours incubation; at 100 μM curcumin it 

decreased to 70%. Lou et al. (2010) studied the viability of A2780 cells (ovarian cancer) 

to curcumin by using a MTS assay. Cells were incubated with curcumin for 72 hours. 1 

μM of curcumin led to 90% viable cells; 5 μM gave 80% viability; 10 μM 50%, and at 30 

μM only 15% of the cells survived.  Maier et al. (2010) also used the Trypan Blue method 

to count viable cells in human blood. Curcumin was used in concentrations of 0,01; 0,1; 

1;10 and 50 μM; those concentrations were reported not to affect cell viability in 48 

hours.  

To test the curcumin and Meriva we used a whole blood assay. This is considered to be a 
very relevant pharmacologic test system: compounds that would fail in vivo because of 
unfavorable intracellular availability, degradation or high plasma protein binding indeed 
show low activity in this assay (Laufer et al., 2008). There is however the variability of 
different donors with regard to metabolism and different enzyme expression. A whole 
blood assay can also be more costly than a simple enzyme-based assay.  
 
As a solvent for the curcumin DMSO was used, in a final concentration of 0,33% in the 
blood samples.  Brideau et al. (2001) states that even up to 5% DMSO does not affect 
COX-2. Laufer et al. (2008) affirms the same for aspirin: in their study COX-2 mediated 
PGE2 synthesis was left almost unaffected by the addition of aspirin. We added aspirin 
to the blood mixture to select for curcumin’s effect on COX-2 and PGHS-2. PGHS-1, which 
is present in the platelets, is irreversibly acetylated by aspirin, so its contribution to COX 
products is aborted (Wilson et al., 2004). Acetylsalicylic acid is quickly hydrolyzed by 
esterases in the blood, so it will not affect PGHS-2 from the monocytes, which is induced 
later. Several researchers have however found that aspirin addition to a whole blood 
assay did not significantly change PGE2 (Young et al., 1996). Patrignani et al. (1994) 
reports a PGE2 contribution by the platelets of 1 to 2%.     
 
In our assay levels of PGE2 were measured to see if curcumin is able to reduce the 
production of this inflammation mediator in LPS stimulated canine whole blood. A PGE2 
enzyme immunoassay was used to measure the samples of 3 dogs. Different reaction 
patterns were seen in every dog, and even big differences in two independent 
measurements of one dog’s samples. It is hard to explain the way PGE2 levels are 
influenced by curcumin in every single dog, so as an illustration of the general pattern all 
measurements were put together to produce the diagram below (figure 10).  
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Figure 10: Summative diagram summarizing the effect of curcumin on PGE2 production, as 
found in this experiment. 
 
 The PGE2 level in the LPS sample is used as reference: in the three dogs the measured 
amount varied from 37 000 pg/mL to 175 000 pg/mL. Generally, only the MX and CX 
sample, containing 10 μM of Meriva® or curcumin respectively, had significantly lower 
PGE2 levels. The curcumin thus seems to have an attenuating effect on the LPS triggered 
PGE2 production. The other curcumin and Meriva® samples contained roughly the 
same amount of PGE2 as the LPS control, although C10 is typically high. No explanation 
was found for this. Another curiosity in this pattern is the high PGE2 production in the 
blood sample only containing Meriva®. Perhaps the liposome preparation of curcumin 
can stimulate PGE2 production.  
 
Unfortunately, our results are no firm foundation for the statement that curcumin can 
influence inflammation, or more specifically: PGE2 production in LPS stimulated blood 
cells. We are however not the first to test the effect of curcumin on PGE2 formation in 
whole blood. Koeberle et al. (2009) preincubated human whole blood with curcumin for 
5 min, after which LPS was added. PGE2 was then measured after 5 hours of incubation. 
In this first assay 0.03 μM of curcumin decreased the PGE2 formation to about 85%, 0.3 
μM to 70%, 3 μM to 60%, and 30 μM to 45%.  In the second assay of Koeberle et al., 
human blood was first stimulated for 16 hours with LPS. Then it was incubated for 10 
min with curcumin, after which arachadonic acid was added as substrate for COX-2. Only 
at the higher curcumin concentrations of 3 and 30 μM, PGE2 was found to be decreased 
significantly (20 and 15% respectively). This was done to demonstrate that the 
reduction of PGE2 formation in the first assay was mainly due to reduced expression of 
microsomal PGE2 synthase. Once the PGE2 synthase has been induced curcumin only 
inhibits PGE2 production by direct inhibition of COX-2, at higher concentrations.  
 
Shah et al. (2010) performed a similar whole blood assay and found an effect of 
curcumin on PGE2 levels as well. In the presence of 20 μM of curcumin, PGE2 production 
was reduced to half of the amount found in the LPS control (900 pg/mL).  
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Typically, an earlier study by Plummer et al. (2001) showed that curcumin decreased 
PGE2 induction in a human whole blood assay at a 1 μM concentration, but not at 5, 10 
or 20 μM concentration. The researchers concluded that curcumin may have a narrow 
therapeutic window, but this is not confirmed by other studies.  
 
In a 2007 article for example Jin et al. state they found a dose-dependent inhibition of 
PGE2 production using curcumin concentrations of 5, 10 and 20 μM. It should be 
mentioned however that Jin et al. performed their research in microglia instead of 
human whole blood; the effect of curcumin might differ between cell types. 
 
In adipocytes Gonzales et al. (2008) has shown that curcumin decreases the PGE2 
secretion to about 50% at a concentration of 20 μM. This is in accordance with the 
results of Shah et al. (2010), as mentioned before.  
 
In our assay curcumin concentrations of 1 nM, 10 nM, 100 nM, 1 μM and 10 μM were 
used. The data suggest that curcumin attenuates PGE2 production at the 10 μM 
concentration, but not at the lower concentrations. A more significant effect might be 
seen at a concentration of 20 μM or higher, but whether these are realistic plasma 
concentrations for curcumin is questionable. In a phase II trial of curcumin given at a 
daily dose of 8 g, plasma peak levels (Cmax) were about 0,3 μM (Dhillon et al., 2008).   
  
Some data even suggest that high doses of curcumin can stimulate PGE2 production. 
Guimaraes et al. (2012) assessed whether curcumin could help in periodontal disease. 
Curcumin was administered to rats by oral gavage (30 and 100 mg/kg) and the gingival 
tissue was challenged by LPS injection. Curcumin completely blocked PGE2-s mRNA 
expression, and no PGE2 was detected. Interestingly, the higher dose of curcumin 
induced PGE2-s mRNA expression in healthy gingival tissue.    
 
Some other researchers have found curcumin could induce PGE2 production as well, 
rather than decreasing it. In a study by Jiang et al. (2006) colitis was induced in rats with 
TNBS acid. Curcumin was supplemented in  a dose of either 30 or 60 mg/kg, and was 
shown to decrease the level of COX-2. PGE2 however was increased in the rats that were 
fed curcumin. They had less severe colitis and a better survival rate. Although PGE2 is an 
inflammatory mediator, it also stimulates repair of epithelium (Lejeune et al., 2010) and 
suppresses neutrophil function and mast cell degranulation (Ungaro et al., 2009).  
 

Jung et al. (2010) used murine bone marrow-derived dendritic cells in his study, and 

found that COX-2 expression and PGE2 production were increased when those cells 

were treated with curcumin. BMDCs were pretreated with curcumin (0, 1, 5, 10 and 25 

μM) for 2 h and then stimulated with 200 ng/ml LPS for 6 h and 12 h to detect COX-2 

expression and to detect PGE2 production, respectively. Both showed a concentration-

dependent increase, with 10 μM curcumin dose leading to a double COX-2 and PGE2 

expression. In LPS-activated macrophages PGE2 can down-regulate production of the 

pro-inflammatory cytokines IL-12 and TNF-α, thus act as an immunosuppressant. 

All those results of former research show that it is still unclear in what way curcumin 

influences PGE2 production.  In our experiment no evident action was found either. Our 



18 
 

results might partly be distorted by the low precision of the PGE2 assay. According to 

the producer, the inter-assay and intra-assay precision of the immunoassay is quantified 

by about 10% coefficient of variation. Furthermore, the assay basically depends on the 

optical density (O.D.) of a product; the PGE2 is plate is read at 405 nm. Curcumin and its 

degradation products have a weak absorption band in the 400 nm region, so it might 

add to some distortion. If the curcumin contribution to the optical density is mistakenly 

seen as caused by PGE2, its levels will be underestimated, as there is an inverse relation 

between O.D. and PGE2 in the sample. The low PGE2 levels in the MX and CX samples 

might raise this suspicion, but considering the levels measured in the curcumin and 

Meriva® blanks, a significant contribution is not likely. 

As an adaption to our experiment PGE2 measurement might be performed using High 

Performance Liquid Chromatography (HPLC) (Hsu et al., 2008; Koeberle et al., 2008). 

Sample preparation is however elaborate and the costs for this type of analysis are 

relatively high.  

Besides PGE2, we also measured IL-6 in our quest for the effects of curcumin in 
simulated inflammation in canine blood. A canine IL-6 immunoassay was used to 
quantify these levels in the samples of 4 dogs. However, the variety of reaction patterns 
seen in PGE2 was also encountered here. Therefore, a summative and summarizing 
diagram, as used before, is shown for the IL-6 in these dogs as well (figure 11).  
    

 

Figure 11: Summative diagram summarizing the effect of curcumin on IL-6 production, as 

found in the samples of 4 dogs.  

In this diagram we see that LPS stimulated whole blood produced significantly more IL-

6 than blanks containing no LPS. IL-6 levels in the L samples ranged from 200 to 1200 

pg/mL. The amounts in the Meriva® and curcumin containing samples is not much 

lower than in the LPS control. Thus, in our experiment curcumin seems to have no major 

effect on IL-6 levels. Other studies have actually found a significant effect of curcumin on 

IL-6 production.      
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The trial by Guimaraes et al. (2012) has been mentioned before: in this study an oral 

gavage of curcumin was used as a possible protector to the effects of LPS on oral tissue. 

In unstimulated tissue, no IL-6 could be measured, but stimulation with LPS released 

about 35 pg/mL of IL-6. A curcumin dose of 30 mg/kg lowered this to less than 2 pg/mL; 

typically the higher curcumin dose of 100 mg/kg decreased IL-6 only to 30 pg/mL. 

The veterinary formulation of Meriva®, Curcuvet®, was used in a study by Farinacci et 

al. (2009). It was administered for 15 days to 7 adult mares and 5 foals affected by 

osteoarthtritis and osteochondrosis respectively. In mares, the IL-6 was decreased, 

whereas in foals it significantly increased during the treatment.  

An increase of IL-6 levels through curcumin was also found by Murphy et al. (2011). The 

effects of curcumin on intestinal inflammation were tested in the ApcMin/þ mouse, a 

model of colon cancer. They were given a placebo or a curcumin (2%) diet from 4 to 18 

weeks of age. Curcumin decreased total intestinal polyps by 75%. Both mRNA 

expression of IL-6 and its protein expression was increased significantly.    

 
Shah et al. (2010) did not see a significant effect of 20 μM curcumin on the IL-6 secretion 
in LPS-stimulated peripheral blood mononuclear cells.  
 

In the curcumin study of Villegas et al. (2011) no significant on IL-6 levels could be 

demonstrated either. Mice were fed standard diet or a curcumin (0.6%) diet, and were 

exposed to dextran sodium sulfate to induce colitis. The curcumin mice showed less 

signs of colonic disease, but IL-6 was as much elevated as in the standard diet mice.  

The fact that no significant effect of curcumin on IL-6 levels could be found in our 

experiment either might be due to small sample size (4 dogs). Intra-assay and interassay 

precision of the IL-6 assay is about 5% according to the producer, so somewhat better 

than for the PGE2 assay. The IL-6 plate is read at 450 nm, so the curcumin adsorption 

might influence the IL-6 assay as well. If the curcumin contribution to the optical density 

is falsely seen as IL-6, levels will be overestimated. Our results however do not show 

evidence of such an inclination in the samples with higher curcumin concentrations.  

Conclusion 

Our experiment suggests that curcumin and Meriva® in a 10 μM concentration can 

attenuate inflammation by decreasing PGE2 production, as demonstrated in a model of 

whole canine blood stimulated with LPS. IL-6 levels seem not to be influenced by 

curcumin or Meriva®. Considering the small sample size of our study and the intrinsic 

biological variation in our model, it should however be noted that no firm conclusions 

can be drawn from our results. Former research is ambiguous about the effect of 

curcumin on both PGE2 and IL-6, but curcumin has shown to be a promising cure for 

several diseases and ailments. There is strong suggestion that human IBD is one of the 

diseases that might be alleviated by curcumin, and hopefully this goes for canine IBD as 

well. Our experiment was set up as a small step towards a possible clinical trial testing 
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the effects of curcumin on canine IBD. Future research will hopefully facilitate the use of 

this age-old medicine in the veterinary clinic!   

Acknowledgements 

We express our gratitude for all the help we received from the Pharmaceutical Sciences 

lab (Frank Redegeld, Tom Groot Kormelink and Bart Blokhuis), the UVDL lab (Martin), 

the Genetics lab (Jeanette Wolfswinkel) and the veterinary nurse Manon. 

References 
 

 Aggarwal, B.B., Harikumar, K.B. (2009a): Potential therapeutic effects of curcumin, the 
anti-inflammatory agent, against neurodegenerative, cardiovascular, pulmonary, 
metabolic, autoimmune and neoplastic diseases. Int J Biochem Cell Biol, 41, 40-59. 

 Aggarwal, B.B., Sung, B. (2009b): Pharmacological basis for the role of curcumin in 
chronic diseases: an age-old spice with modern targets. Trends Pharmacol Sci, 30, 85-94.  

 Ali, T., Shakir, F., Morton, J. (2012): Curcumin and inflammatory disease: biological 
mechanisms and clinical implication. Digestion, 85, 249-255. 

 Allenspach, K. (2011): Clinical immunology and immunopathology of the canine and 
feline intestine. Vet Clin North Am Small Anim Pract, 41, 345-360.  

 Atreya, R., Mudter, J., Finotto, S. (2000): Blockade of interleukin 6 trans signalling 
suppresses T-cell resistance against apoptosis in chronic intestinal inflammation: 
Evidence in Crohn’s disease and experimental colitis in vivo. Nat Med, 6, 583–588. 

 Barrie, A., Khare, A., Henkel, M., Zhang, Y., Barmada, M.M., Duerr, R., Ray, A. (2011): 
Prostaglandin E2 and IL-23 plus IL-1ß differentially regulate the Th1/Th17 immune 
response of human CD161(+)CD4(+) memory T cells. Clin Transl Sci, 4, 268-273.  

 Belcaro, G., Cesarone, M.R., Dugall, M., Pellegrini, L., Ledda, A., Grossi, M.G., Togni, 
S., Appendino, G. (2010): Efficacy and safety of Meriva®, a curcumin-
phosphatidylcholine complex, during extended administration in osteoarthritis patients. 
Altern Med Rev, 15, 337-44. 

 Cerquetella, M., Spaterna, A., Laus, F., Tesei, B., Rossi, G., Antonelli, E., Villanacci, V., 
Bassotti, G. (2010): Inflammatory bowel disease in the dog: differences and similarities 
with humans. World J Gastroenterol, 16, 1050-1056. 

 Cuomo, J., Appendino, G., Dern, A.S., Schneider, E., McKinnon, T.P., Brown, M.J., Togni, 
S., Dixon, B.M. (2011): Comparative absorption of a standardized curcuminoid mixture 
and its lecithin formulation.  J Nat Prod, 25, 664-669. 

 Dhillon, N., Aggarwal, B.B., Newman, R.A., Wolff, R.A., Kunnumakkara, A.B., Abbruzzese, 
J.L., Ng, C.S., Badmaev, V., Kurzrock, R. (2008): Phase II trial of curcumin in patients with 
advanced pancreatic cancer. Clin Cancer Res, 14, 4491-4496.  

 Epstein, J., Sanderson, I.R., Macdonald, T.T. (2010): Curcumin as a therapeutic agent: the 
evidence from in vitro, animal and human studies. Br J Nutr, 103, 1545-1557.  

 Farinacci, M., Gaspardo, B., Colitti, M., Stefanon, B. (2009): Dietary administration of  
curcumin modifies transcriptional profile of genes involved in inflammatory cascade in 
horse leukocytes. Ital J Anim Sci, 8, 84-86.  

 Gonzales, A.M., Orlando, R.A. (2008): Curcumin and resveratrol inhibit nuclear factor-
kappaB-mediated cytokine expression in adipocytes. Nutrition & Metabolism, 5:17.  

 Guimarães, M.R., de Aquino, S.G., Coimbra, L.S., Spolidorio, L.C., Kirkwood, K.L., Rossa, C. 
Jr. (2012): Curcumin modulates the immune response associated with LPS-induced 
periodontal disease in rats. Innate Immun, 18, 155-163. 

 Gupta, N.K., Dixit, V.K. (2011): Bioavailability enhancement of curcumin by complexation 
with phosphatidyl choline. J Pharm Sci, 100, 1987-95.  

 Hanai, H., Iida, T., Takeuchi, K., Watanabe, F., Maruyama, Y., Andoh, A., Tsujikawa, 
T., Fujiyama, Y., Mitsuyama, K., Sata, M., Yamada, M., Iwaoka, Y., Kanke, K., Hiraishi, 

http://www.ncbi.nlm.nih.gov/pubmed/21486640
http://www.ncbi.nlm.nih.gov/pubmed/21486640
http://www.ncbi.nlm.nih.gov/pubmed/21194249
http://www.ncbi.nlm.nih.gov/pubmed/21194249
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cuomo%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Appendino%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dern%20AS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schneider%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McKinnon%20TP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brown%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Togni%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Togni%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dixon%20BM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21413691
http://www.ncbi.nlm.nih.gov/pubmed/20100380
http://www.ncbi.nlm.nih.gov/pubmed/20100380
http://www.ncbi.nlm.nih.gov/pubmed/21242275
http://www.ncbi.nlm.nih.gov/pubmed/21242275
http://www.ncbi.nlm.nih.gov/pubmed/21374628
http://www.ncbi.nlm.nih.gov/pubmed/21374628
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hanai%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iida%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takeuchi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Watanabe%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maruyama%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Andoh%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsujikawa%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsujikawa%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fujiyama%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mitsuyama%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sata%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamada%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iwaoka%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kanke%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hiraishi%20H%22%5BAuthor%5D


21 
 

H.,Hirayama, K., Arai, H., Yoshii, S., Uchijima, M., Nagata, T., Koide, Y. (2006): 
Curcumin maintenance therapy for ulcerative colitis: randomized, multicenter, double-
blind, placebo-controlled trial. Clin Gastroenterol Hepatol, 4, 1502-1506. 

 Holt, P.R., Katz, S., Kirshoff, R. (2005): Curcumin therapy in inflammatory bowel disease: 
a pilot study. Dig Dis Sci, 50, 2191-3. 

 Hsu, B.-Y., Tsao, C.-Y., Chiou, T.-K., Hwang, D.-F. (2008): Factors affecting PGE2 
production in seaweed Gracilaria tenuistipitata. J Food Drug Anal, 16, 59-65.  

  Jergens, A.E., Sonea, I.M., O'Connor, A.M., Kauffman, L.K., Grozdanic, S.D., Ackermann, 
M.R., Evans, R.B. (2009): Intestinal cytokine mRNA expression in canine inflammatory 
bowel disease: a meta-analysis with critical appraisal. Comp Med, 59, 153-162. 

 Jiang, H., Deng, C.S., Zhang, M., Xia, J. (2006): Curcumin-attenuated trinitrobenzene 
sulphonic acid induces chronic colitis by inhibiting expression of cyclooxygenase-2. 
World J Gastroenterol, 12, 3848-3853. 

 Jin, C., Lee, J., Park, C., Choi, Y., Kim, G. (2007): Curcumin attenuates the release of pro-
inflammatory cytokines in lipopolysaccharide-stimulated BV2 microglia. Acta Pharmacol 
Sin, 28, 1645-1651.  

 Jung, I.D., Jeong, Y.I., Lee, C.M., Noh, K.T., Jeong, S.K., Chun, S.H., Choi, O.H., Park, W.S., Han, 
J., Shin, Y.K., Kim, H.W., Yun, C.H., Park, Y.M. (2010): COX-2 and PGE2 signaling is 
essential for the regulation of IDO expression by curcumin in murine bone marrow-
derived dendritic cells. Int Immunopharmacol, 10, 760-768.  

 Jurenka, J.S. (2009): Anti-inflammatory properties of curcumin, a major constituent of 
Curcuma longa: a review of preclinical and clinical research. Altern Med Rev, 14, 141-
153. 

 Kathrani, A., House, A., Catchpole, B., Murphy, A., Werling, D., Allenspach, K. (2011): 
Breed-independent toll-like receptor 5 polymorphisms show association with canine 
inflammatory bowel disease. Tissue Antigens, 78, 94-101.  

 Kimura, A., Kishimoto, T. (2010): IL-6: regulator of Treg/Th17 balance. Eur J Immunol, 
40, 1830-1835.  

 Koeberle, A., Siemoneit, U., Bühring, U., Northoff, H., Laufer, S., Albrecht, W., Werz, O. 
(2008): Licofelone suppresses prostaglandin E2 formation by interference with the 
inducible microsomal prostaglandin E2 synthase-1. J Pharmacol Exp Ther, 326, 975-982.  

 Koeberle, A., Northoff, H., Werz, O. (2009): Curcumin blocks prostaglandin E2 
biosynthesis through direct inhibition of the microsomal prostaglandin E2 synthase-1. 
Mol Cancer Ther, 8, 2348-2355. 

 Kurien, B.T., Scofield, R.H. (2009): Oral administration of heat-solubilized curcumin for 
potentially increasing curcumin bioavailability in experimental animals. Int J Cancer, 
125, 1992-1993. 

 Larmonier, C.B., Uno, J.K., Lee, K.M., Karrasch, T., Laubitz, D., Thurston, R., Midura-Kiela, 
M.T., Ghishan, F.K., Sartor, R.B., Jobin, C., Kiela, P.R. (2008): Limited effects of 
dietary curcumin on Th-1 driven colitis in IL-10 deficient mice suggest an IL-10-
dependent mechanism of protection. Am J Physiol Gastrointest Liver Physiol, 295, 
G1079-91.  

 Larmonier, C.B., Midura-Kiela, M.T., Ramalingam, R., Laubitz, D., Janikashvili, N., 
Larmonier, N., Ghishan, F.K., Kiela, P.R. (2010): Modulation of neutrophil motility by 
curcumin: Implications for inflammatory bowel disease. Inflamm Bowel Dis, 17, 503-515. 

 Larmonier, C.B., Midura-Kiela M.T., Ramalingam, R., Laubitz, D., Janikashvili, 
N., Larmonier, N., Ghishan, F.K., Kiela, P.R. (2011): Modulation of neutrophil motility 
by curcumin: implications for inflammatory bowel disease. Inflamm Bowel Dis, 17, 503-
515. 

 Laufer, S., Greim, C., Luik, S., Ayoub, S.S., Dehner, F. (2008): Human whole blood assay for 
rapid and routine testing of non-steroidal anti-inflammatory drugs (NSAIDs) on cyclo-
oxygenase-2 activity. Inflammopharmacology, 16,155-61. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hirayama%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arai%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yoshii%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uchijima%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagata%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Koide%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Hanai%202006%20curcumin
http://www.ncbi.nlm.nih.gov/pubmed/16240238
http://www.ncbi.nlm.nih.gov/pubmed/16240238
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jergens%20AE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sonea%20IM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O'Connor%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kauffman%20LK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grozdanic%20SD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ackermann%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ackermann%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Evans%20RB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/19389307
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jiang%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Deng%20CS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xia%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=jiang%20curcumin%20colitis
http://www.ncbi.nlm.nih.gov/pubmed/20399909
http://www.ncbi.nlm.nih.gov/pubmed/20399909
http://www.ncbi.nlm.nih.gov/pubmed/20399909
javascript:AL_get(this,%20'jour',%20'Altern%20Med%20Rev.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kathrani%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22House%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Catchpole%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murphy%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Werling%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Allenspach%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21623734
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Koeberle%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Northoff%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Werz%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=koeberle%20curcumin
http://www.ncbi.nlm.nih.gov/pubmed/19618459
http://www.ncbi.nlm.nih.gov/pubmed/19618459
http://www.ncbi.nlm.nih.gov/pubmed/18818316
http://www.ncbi.nlm.nih.gov/pubmed/18818316
http://www.ncbi.nlm.nih.gov/pubmed/18818316
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Larmonier%20CB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Midura-Kiela%20MT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramalingam%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Laubitz%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Janikashvili%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Larmonier%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ghishan%20FK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kiela%20PR%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Inflamm%20Bowel%20Dis.');
http://www.ncbi.nlm.nih.gov/pubmed/20629184
http://www.ncbi.nlm.nih.gov/pubmed/20629184
http://www.ncbi.nlm.nih.gov/pubmed/18759073
http://www.ncbi.nlm.nih.gov/pubmed/18759073
http://www.ncbi.nlm.nih.gov/pubmed/18759073


22 
 

 Lejeune, M., Leung, P., Beck, P.L., Chadee, K. (2010): Role of EP4 receptor and 
prostaglandin transporter in prostaglandin E2-induced alteration in colonic epithelial 
barrier integrity. Am J Physiol Gastrointest Liver Physiol, 296, G1079-1105.  

 Lou, J.R., Zhang, X.-X., Zheng, J., Ding, W.-Q. (2010) : Transient metals enhance 
cytotoxicity of curcumin : potential involvement of the NF-kB and mTOR signalling 
pathways. Anticancer research, 30, 3249-3256.  

 Luckschander, N., Hall, J.A., Gaschen, F., Forster, U., Wenzlow, N., Hermann, P., Allenspach, 
K., Dobbelaere, D., Burgener, I.A., Welle, M. (2010): Activation of nuclear factor-kappaB in 
dogs with chronic enteropathies. Vet Immunol Immunopathol,  133, 228-236.  

 Maier, E., Kurz, K., Jenny, M., Schennach, H., Ueberall, F., Fuchs, D. (2010): Food 
preservatives sodium benzoate and propionic acid and colorant curcumin suppress Th1-
type immune response in vitro. Food Chem Toxicol, 48, 1950-1956. 

 Marczylo, T.H., Verschoyle, R.D., Cooke, D.N., Morazzoni, P., Steward, W.P., Gescher, A.J. 
(2007): Comparison of systemic availability of curcumin with that 
of curcumin formulated with phosphatidylcholine. Cancer Chemother Pharmacol, 60, 
171-177. 

 Mudter, J., Neurath, M.F. (2007): Il-6 signaling in inflammatory bowel disease: 
pathophysiological role and clinical relevance. Inflamm Bowel Dis, 13,1016-1023. 

 Murphy, E.A., Davis, J.M., McClellan, J.L., Gordon, B.T., Carmichael, M.D. (2011): 
Curcumin's effect on intestinal inflammation and tumorigenesis in the ApcMin/+ mouse. 
J Interferon Cytokine Res, 31, 219-226.  

 Patrignani, P., Panara, M.R., Greco, A., Fusco, O., Natoli, C., Iacobelli, S., Cipollone, F., Ganci, 
A., Créminon, C., Maclouf, J. (1994): Biochemical and pharmacological characterization of 
the cyclooxygenase activity of human bloodprostaglandin endoperoxide synthases. J 
Pharmacol Exp Ther, 271, 1705-12. 

 Plummer, S.M., Hill, K.A., Festing, M.F.W., Steward, W.P., Gescher, A.J., Sharma, R.A. 
(2001): Clinical development of leukocyte cyclooxygenase 2 activity as a systemic 
biomarker for cancer chemopreventive agents. Cancer Epidemiol Biomarkers Prev, 10, 
1295-1299.  

 Sasaki, H., Sunagawa, Y., Takahashi, K., Imaizumi, A., Fukuda, H., Hashimoto, T., Wada, H., 
Katanasaka, Y., Kakeya, H., Fujita, M., Hasegawa, K., Morimoto, T. (2011): Innovative 
preparation of curcumin for improved oral bioavailability. Biol Pharm Bull, 34, 660-665. 

 Schmitz, S., Garden, O.A., Werling, D., Allenspach, K. (2012): Gene expression of selected 
signature cytokines of T cell subsets in duodenal tissues of dogswith and without 
inflammatory bowel disease. Vet Immunol Immunopathol. 2012, ahead of print. 

 Setthacheewakul, S., Mahattanadul, S., Phadoongsombut, N., Pichayakorn, W., 
Wiwattanapatapee, R. (2010): Development and evaluation of self-microemulsifying 
liquid and pellet formulations of curcumin, and absorption studies in rats. Eur J Pharm 
Biopharm, 76, 475-485.  

 Shah, V.O., Ferguson, J.E., Hunsaker, Lucy, A., Deck, L.M.,  Vander Jagt, D.L. (2010): Natural 
products inhibit LPS-induced activation of pro-inflammatory cytokines in peripheral 
blood mononuclear cells. Natural Product Research, 24, 1177-1188. 

 Srivastava, R.M., Singh, S., Dubey, S.K., Misra, K., Khar, A. (2011): Immunomodulatory and 
therapeutic activity of curcumin. Int Immunopharmacol, 11, 331-341.  

 Stankovic, I. (2004): Chemical and technical assessment Curcumin, 61st JECFA, FAO 2004.  
 Strober, W. (2001): Trypan blue exclusion test of cell viability. Curr Protoc Immunol, May 

2001, app. 3B.  
 Ungaro, R., Fukata, M., Hsu, D. (2009): A novel Toll-like receptor 4 antagonist antibody 

ameliorates inflammation but impairs mucosal healing in murine colitis. Am J Physiol 
Gastrointest Liver Physiol, 296, G1167-1179.  

 Villegas, I., Sánchez-Fidalgo, S., de la Lastra, C.A. (2011): Chemopreventive effect of 
dietary curcumin on inflammation-induced colorectal carcinogenesis in mice. Mol Nutr 
Food Res, 55, 259-67.  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Luckschander%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hall%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gaschen%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Forster%20U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wenzlow%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hermann%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Allenspach%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Allenspach%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dobbelaere%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Burgener%20IA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Welle%20M%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Vet%20Immunol%20Immunopathol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maier%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kurz%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jenny%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schennach%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ueberall%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fuchs%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=maier%20colorant%20curcumin
http://www.ncbi.nlm.nih.gov/pubmed/17051370
http://www.ncbi.nlm.nih.gov/pubmed/17051370
http://www.ncbi.nlm.nih.gov/pubmed/17476678
http://www.ncbi.nlm.nih.gov/pubmed/17476678
http://www.ncbi.nlm.nih.gov/pubmed/20950131
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Patrignani%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Panara%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Greco%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fusco%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Natoli%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iacobelli%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cipollone%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ganci%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ganci%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cr%C3%A9minon%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maclouf%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=prostaglandin%20patrignani%201994
http://www.ncbi.nlm.nih.gov/pubmed?term=prostaglandin%20patrignani%201994
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sasaki%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sunagawa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takahashi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Imaizumi%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fukuda%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hashimoto%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wada%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Katanasaka%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kakeya%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fujita%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hasegawa%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Morimoto%20T%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Biol%20Pharm%20Bull.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schmitz%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Garden%20OA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Werling%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Allenspach%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/22333286
http://www.ncbi.nlm.nih.gov/pubmed/20659556
http://www.ncbi.nlm.nih.gov/pubmed/20659556
http://www.ncbi.nlm.nih.gov/pubmed/20828642
http://www.ncbi.nlm.nih.gov/pubmed/20828642
http://www.ncbi.nlm.nih.gov/pubmed/20848615
http://www.ncbi.nlm.nih.gov/pubmed/20848615


23 
 

 Wahlang, B., PAwar, Y.B., Bansal, A.K. (2011): Identification of permeability-related 
hurdles in oral delivery of curcumin using the Caco-2 cell model. Eur J Pharm Biopharm, 
77, 275-282.  

 Wang, Y.-J., Pan, M.-H., Cheng, A.-L., Lin, L.-I., Ho, Y.-S., Hsieh, C.-Y., Lin, J.-K. (1997): 
Stability of curcumin in buffer solutions and characterization of its degradation products. 
J Pharm Biomed Anal, 15, 1867-1876. 

 Wilson, J.E., Chandrasekharan, N.V., Westover, K.D., Eager, K.B., Simmons, D.L. (2004): 
Determination of expression of cyclooxygenase-1 and -2 isozymes in canine tissues and 
their differential sensitivity to nonsteroidal anti-inflammatory drugs. Am J Vet Res, 65, 
810-818. 

 Yamamoto, M., Yoshizaki, K., Kishimoto, T., Ito, H. (2000): IL-6 is required for the 
development of Th1 cell-mediated murine colitis. J Immunol, 164, 4878–4882. 

 Young, J.M., Panah, S., Satchawatcharaphong, C., Cheung, P.S. (1996):Human whole blood 
assays for inhibition of prostaglandin G/H synthases-1 and -2 using A23187 and 
lipopolysaccharide stimulation of thromboxane B2 production. Inflamm Res, 45, 246-53. 

 Zhang, L., Zhu, W., Yang, C., Guo, H., Yu, A., Ji, J., Gao, Y., Sun, M., Zhai, G. (2012): A novel 
folate-modified self-microemulsifying drug delivery system of curcumin for colon 
targeting. Int J Nanomedicine, 7,151-162. 

http://www.ncbi.nlm.nih.gov/pubmed/21147222
http://www.ncbi.nlm.nih.gov/pubmed/21147222
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wilson%20JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chandrasekharan%20NV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Westover%20KD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Eager%20KB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simmons%20DL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Determination%20of%20expression%20of%20cyclooxygenase-1%20and%20-2%20isozymes%20in%20canine%20tissues%20and%20their%20differential%20sensitivity%20to%20nonsteroidal%20anti-inflammatory%20drugs
http://www.ncbi.nlm.nih.gov/pubmed/8737748
http://www.ncbi.nlm.nih.gov/pubmed/8737748
http://www.ncbi.nlm.nih.gov/pubmed/8737748
http://www.ncbi.nlm.nih.gov/pubmed/22275831
http://www.ncbi.nlm.nih.gov/pubmed/22275831
http://www.ncbi.nlm.nih.gov/pubmed/22275831

