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ABSTRACT 

Atherosclerosis is the most prevalent disease in middle and later years of human life. Heart attacks and strokes are 
among the most frequent causes of death. New approaches in therapy are the use of NSAID’s (nonsteroidal antiphlogis-
tical drugs) of the new generation (selective inhibitors of COX-2) and DHEA (Dehydroepiandrostenon). The key en-
zyme of prostaglandin synthesis, the COX-2 isoenzyme, is predominantly found in inflammatory tissue. Out of this re-
sults a possible importance of COX-2-inhibitors in prophylaxis of atherosclerosis. Our study intended to examine the 
significance of COX-2 and the COX-2-formed prostanoids, as well as the significance of COX-2-independent iso-
prostanes on atherosclerosis. For that purpose we tested the effect of the selective COX-2-inhibitor Celecoxib on rabbits 
fed with cholesterol and compared this with the effect of the steroid hormone DHEA in 4 groups: healthy control, cho-
lesterol-fed control, DHEA-group and Celecoxib group. In the test prostanoids, nitrate and nitrite were measured by gas 
chromatograpy/tandem-mass-spectrometry (GC-MS/MS) in 24-hours-collected urine. Additionally we measured cho-
lesterol and triglycerides in plasma. The aortas of the examinated animals were measured optically using a planimetrical 
method. The measurement of prostanoids, isoprostanes, nitrate and nitrite showed considerable variations and particu-
lary significant differences (p < 0.01) even in the initial values. By the treatment with Celecoxib the rate of atheroscle-
rosis was reduced in a highly significant way in comparison to the cholesterol group and the DHEA-group. Conse-
quently the test demonstrated a significant role of COX-2 in the development of atherogenesis. 
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1. Introduction 

Atherosclerosis is one of the most frequent diseases in 
middle aged and elder humans. In consequence heart and 
circulation failure are the most frequent causes of death. 
According to current research the risk factors for athero- 
sclerosis are preventively affected by treatment of hyper- 
tension and by lowering cholesterol levels [1]. Existing 
atherosclerosis is treated with thrombocyte-aggregation- 
inhibitors like acetylsalicylic acid. New options for treat- 
ment are being searched for continuously. Two of the 
new approaches are the treatment with NSAID’s of the 
new generation and the treatment with the steroid hor- 
mone DHEA [2-5]. Under medication with the steroid 
hormone DHEA a significant reduction (up to 50% com- 
pared to the control group) of plaque size was proven in 
an animal model [6-9]. Non-steroidal antiinflammatory 
drugs lead to a significant reduction of the atherosclero- 
sis rate in a model with rabbits [6]. The inhibition of the  

proinflammatory synthesis of prostanoids in the vascular 
wall is discussed as a possible anti-atherosclerotic me- 
chanism of NSAID’s [9]. The key enzyme for the syn- 
thesis of prostaglandines is cyclooxygenase. Since 1991 
a constitutive (COX-1) and an inductive (COX-2) isoen-
zyme have been distinguished. COX-1 is responsible for 
the physiological synthesis of prostanoids. COX-2, how- 
ever, is expressed under influence of cytokines or endo- 
toxin, so it is mainly found in inflammatory tissue [10-12].  

The various NSAID’s show differences in their isoen- 
zyme selectivity [6,13]. Newer NSAID’s have a higher 
COX-2-selectivity [14-18]. Highly selective COX-2- 
inhibitors like Celecoxib [19] can be of importance in the 
prophylaxis of atherosclerosis [20] alongside their “clas- 
sical” indication, the rheumatic diseases, especially where 
conventional NSAID’s are not suited due to their toxicity 
(gastric ulcus [17,18,21], gastric perforation, gastrointes- 
tinal bleeding) [22]. This possible field of application has 
been out of focus of the current discussion on cardiovas- 
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cular risks in highly selective COX-2-inhibitors. According 
to current research, all NSAID’s bear such a risk. As a 
common mechanism the NaCl-water-retention is discussed 
as a typical unwanted effect. In contrast to there are the 
therapeutically wanted effects of the NSAID’s like the 
inhibition of inflammatory activity in the atherosclerotic 
plaques and anti-oxidative effects with consecutive im- 
provement of availability of nitrate monoxide the defi- 
ciency of which causes the endothelial dysfunction in 
atherosclerosis. The objective of the present study was 
therefore to examine the importance of the COX-2 and the 
prostanoids generated by this enzyme, as well as the 
probably COX-independent isoprostanes [23,24] on the 
development of atherosclerosis. 

2. Methods and Materials 

2.1. Rabbit Model of Atherosclerosis 

The experiment with animals was approved under num- 
ber 509c-42502-98/91 on 8. august 1998 by “Bezirks- 
regierung Hannover” (Dezernat 504). The rabbits were 
kept in single cages at specific-pathogen-free-standard. 
The used protocol for the rabbit model of atherosclerosis 
is based on the one developed by Bode-Böger et al. [25]. 
48 male White New Zealand rabbits bred by Charles 
River with body weight between 1.7 and 2.7 kg at the 
beginning of the tests were studied for 12 weeks after a 
fourteen day period of adaptation with feeding standard 
pellets (Ssniff KH, company Ssniff Soest) ad libitum. 4 
collectives were studied: a healthy control with standard 
feed and 3 collectives with cholesterol-enriched diet (4 
weeks of feeding with 1% cholesterol and the following 
8 weeks with 0.5% cholesterol enriched feed ad libitum 
(Altromin, company Sniff, Soest) (Table 1). The 3 cho- 
lesterol-fed collectives were subdivided into a control 
group, a DHEA-group (oral medication of 100 mg DHEA 
per day and rabbit, Company Sigma Aldrich) and a Cele- 
coxib-group (oral application of 1/10 capsule Celebrex™, 
Searle SA per animal) (Figure 1). At the beginning of 
the study and every 14 days 24-h-urine was collected for 
the measurement of the isoprostanes, prostanoids [26] 
and for the measurement of nitrate and nitrite (Table 2). 
Every 4 weeks the triglycides and cholesterol levels in 
the plasma were appointed by VetMedLab in Ludwigs-
burg, Germany. Subsequently the animals were eutha-
nized by intravenous application of ketamin (25 mg/kg, 
Ketamin 10% WDT) and Eutha 77™ (800 - 1600 mg per 
animal, Essex). The aortas were extracted, opened longi-
tudinally and conserved in formaline for later plaque 
measurement [Figure 6]. 

2.2. Plaque-Planimetry 

The aortas of all examined rabbits were opened longitu- 
dinally and photographed accordingly. Then the digitali- 

Table 1. Summary of process of study. 

Group Diet week 1-4 Diet week 5-12 

Healty control 
(rabbit 1-4) 

Usual feed -------------------------- 

Healthy control 
(rabbit 5-12) 

Usual feed Usual feed 

Cholesterol-group 
(rabbit 1-4) 

1%-Cholesterol 
diet 

-------------------------- 

Cholesterol- group 
(rabbit 5-12) 

1%-Cholesterol 
diet 

0.5%-Cholesterol diet 

DHEA- group  
(rabbit 1-12) 

1%-Cholesterol 
diet 

0.5%-Cholesterol diet 
+ 10 mg/d/rabbit DHEA 

Celecoxib-group 
(rabbit 1-12) 

1%-Cholesterol 
diet 

0.5%-Cholesteol diet 
+ 10 mg/d/rabbit Celecoxib

 
sation for the appointment of the plaque part of the total 
surface of the aortas was performed. The plaque area was 
illustrated in percentage of total area. The analysis was 
carried out by using Microsoft Excel™ (Figure 6). 

2.3. Appointment of Creatinine in 24-H-Urine 

The concentration of creatinine in the 24-h-urine was de- 
termined spectrometically by the alkaline reaction of pi- 
krin acid with an automatic analysis equipment (Beck-
man-Creatinin-Analyzer 2, Beckman, Galway, Ireland). 

2.4. Appointment of Prostaglandines and 
Isoprostanes  

The following prostaglandines and isoprostanes were mea- 
sured in 24-h-urine using gaschromatography/tandem- 
masss pectrometry: PGE (Figure 2), PGE-MUM (Figure 
3) and 8-iso-PGF2α, 2,3-dn-6-keto-PGF1α, 2,3-dn-TXB- 
2. The valid method for measurement by Tsikas et al. 
[27,28] is highly sensitive, very exact but very intensive 
in laboratory work.  

2.5. Analysis of Nitrate and Nitrite in 24-H-Urine 
According to Tsikas et al. [27] 

Neither nitrate nor nitrite levels can be gatherered by gas- 
chromatography directly. Their quantification was there- 
fore performed by using the simultaneous gaschromato- 
graphic measurement of the pentafluorobenzyl-derivates 
of nitrate and nitrite according to the method by Tsikas et 
al. [29]. 

2.6. Measurement of Triglycerides and Total 
Cholesterol Levels in Plasma 

These laboratory analyses were performed by the “Insti- 
tut für klinische Prüfung GmbH, Veterinärmedizinisches 
Labor (VetMedLab)”, Postfach 1110, 71611 Ludwigs- 
burg, Germany. 

The measurement of concentrations was performed in 
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Table 2. Results. 

PGF2α in nmol/mol creatinine    

 mean week 0 standard deviation week 0 mean week 12 standard deviation week 12 

healthy control 719.33 738.15 581** 495.38 

cholesterol control 452.08* 152.74 534.25** 229.67 

DHEA-group 393.08* 146.56 532.25** 167.66 

Celecoxib-group 401.17* 238.59 684.72** 298.8 

PGF1α in nmol/mol creatinine    

healthy control 3142.08 729.01 1237.13** 457.93 

cholesterol control 3526.25 464.29 1285** 411.071 

DHEA-group 2988.92 923.17 1196.25** 763.64 

Celecoxib-group 2593.17 1029.77 777.64** 260.06279 

TXB2 in nmol/mol creatinine    

healthy control 1386.25 836.18 680** 433.16 

cholesterol control 6532.67 5497.84 293** 66.81 

DHEA-group 1034.33 553.27 314.5** 99.45 

Celecoxib-group 991.33 677.04 283.76** 125.5 

Nitrite in nmol/mol creatinine    

healthy control 4133.75 2103.74 3973.5** 371.01 

cholesterol control 4623.75 2341.77 1996.135** 248.78 

DHEA-group 3069.83 2703.47 1171.44** 191.89 

Celecoxib-group 5260.92 2347.52 2296.18** 166.47 

Nitrate in mmol/mol creatinine    

Healthy control 625.67 161.41 335.38** 60.25 

cholesterol control 547.09 215.93 284.05** 169.03 

DHEA-group 337.17 126.31 111** 67.88 

Celecoxib-group 404.5 157.87 267.27 155.29 

*p < 0.01 in reference to the healthy control group at this time; **p < 0.01 in reference from week 12 to week 0. 

 

                                                                                                                                        *# 

                             
                                                                       
                                                                                                                                         * 

                                                                                                                                         * 

0 

0.5

1 

1.5

2 

2.5

3 

3.5

4 

4.5

 
0 

 
1 

 
2 

 
3 

 
4

 
5

 
6

 
7

 
8

 
9

 
10

 
11

 
12 

time in weeks

w
ei

g
h

t 
in

 k
g

healthy control

cholesterol control 
DHEA-group

Celecoxib-group 

 

Figure 1. Data for body weight. 
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Figure 2. Effects of DHEA and selective COX-2 inhibitor celecoxib on PGE-2 values measured in 24-h-urine of 12 weeks cho-
lesterol-fed rabbits over the time. Samples were taken every second week and analysed by gas chromatography/tandem- 
mass-spectrometry. Each group contained 12 rabbits. One usually fed group and one cholesterol-fed group were tested for 
control and also shown here. *Highly sinificant difference in reference to the previous point of measurement in the group with 
p value < 0.01. **Highly significant difference in reference to the healthy control with p value < 0.01. 
 

 

Figure 3. Effects of DHEA and selective COX-2 inhibitor celecoxib on PGE-MUM production measured in 24-h-urine of 12 
weeks cholesterol-fed rabbits over the time. Samples were taken every second week and analysed by gas chromatography/ 
tandem-mass-spectrometry. One usually fed group and one cholesterol-fed group without treatment were tested for control 
and are also shown here. *Highly significant difference in reference to the healthy control at this time with p value < 0.01. 
Highly significant difference in reference to cholesterol control group at this time with p value < 0.01. #Highly significant dif-
ference in reference to the DHEA-group at this time with p value < 0.01. 
 
mg/dl (Figures 4 and 5). 

2.7. Statistical Analysis 

The rabbits were randomized in several experimental 
groups. All performed statistical tests (T-tests) were 
based on a significance level of p > 0.05. The 2-sample- 
t-test was used for the comparison during the course of 
the experiment within one experimental collective for de- 
pendent samples. In order to compare the different ex- 
perimental collectives at the same time points in the course  

of the experiment we used the 2-sample-t-test under as- 
sumption of equal variances. The analysis of data was 
carried out on a Medion™-computer using the software 
Excel™ by Microsoft, USA. 

3. Results 

3.1. Physiological Parameters  

The animals’ intake of the cholesterol diet was lower, 
which resulted in significantly (*) less weight gain in the 
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Figure 4. Effects of DHEA and selective COX-2 inhibitor celecoxib on progession of cholesterol values in plasma of 12 week 
cholesterol-fed rabbits over the time. A usually fed group and a cholesterol-fed control group are also shown. Blood samples 
were taken every 4 weeks from each rabbit and analysed by VetMEd Labor Ludwigsburg. Each group consists of 12 animals. 
No significant differences were recognized between the 3 cholesterol-fed groups. 
 

 

Figure 5. Effects of DHEA an selective COX-2 inhibitor celecoxib on triglycride values measured in plasma of 12 weeks cho-
lesterol-fed rabbits. Every 4 weeks blood samples were taken and triglycerids were measured by VetMedLabor Ludwigsburg. 
Each group contains 12 rabbits. Control groups with usually fed-rabbits and chlolesterol-fed rabbits are also shown. *Highly 
significant difference in comparison to the previous point of measurement with p value <0.01. **Highly significant difference 
in comparison to the healthy control with p value < 0.01. 
 
3 groups fed with cholesterol. The Celecoxib-group, how- 
ever, exhibited significantly higher (#) gain in body weight 
than the other 2 cholesterol-fed groups (Figure 1). 

3.2. Isoprostanes, Prostanoids, Nitrate Und 
Nitrite in 24-H-Urine (Table 2) 

In conclusion to the determined parameters in the 24-h- 
urine (prostanoids, isoprostanes, nitrate, nitrite) it must 
be stated that significant differences in the base values, 
as well as considerable fluctuations in the course of the 
measurements could be found. Effects caused by varying 
urine volumes were avoided by relating all values to  

creatinine levels. Within the 3 isoprostanes (8-iso-PGF2, 
2,3-dn-6-keto-PGF1, 2,3-dn-TXB2) a significant de- 
crease of all values in the 24-h-urine was shown during 
the course of experiment from week 0 to wek 12 (p < 
0.01**) in all 4 groups. The results for nitrate and nitrite 
showed considerable fluctuations as well as signifcant di- 
fferences in base values. The fluctuations of nitrate va- 
lues proceed in the same direction in all 4 groups. The 
nitrite values only showed such a parallel progression be- 
tween the DHEA- and the Celecoxib-group. 

For PGE and PGE-MUM, value stability was shown 
within the healhy control group. There were no signifi- 
cant changes during the course of the study. In the other 
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3 collectives again considerable fluctuations and distri-
butions could be found. As before, there were already 
significant differences between the groups in the base 
values (Figures 2 and 3). 

3.3. Measurements in Blood and Plasma 
(Figures 4 and 5) 

For the identified parameters in plasma the following 
results could be shown: There were no significant diffe- 
rences in the cholesterol and triglyceride levels in the 
base values of the 4 groups. While the cholesterol values 
in the healthy group were lowered significantly, the le- 
vels in the other three groups increased in a highly signi- 
ficant manner (p < 0.001) during the course of the study. 
Between the 3 cholesterol-fed groups no significant dif- 
ferences could be found. Only a small (non-significant) 
increase of triglyceride values could be found in the 
healthy control. The 3 cholesterol-fed groups showed a 
significant increase in TGL values. The cholesterol con- 
trol group demonstrated significantly higher values than 
the DHEA-group and a highly significant increase in va- 
lues compared to the Celecoxib-group. A significant in- 
fluence of the cholesterol diet was shown for cholesterol 
and TGL values in the plasma. Also the medication with 
DHEA and Celecoxib resulted in a significant, even 
highly significant decrease in TGL values toward the end 
of the experiment/study in week 12.  

3.4. Plaques-Planimetry (Figure 6) 

The healthy control group showed a value of 0% plaque 
percentage/rate. The cholesterol-fed control group had an 
average of 81.42%, the DHEA group 80.69% and the 

Celecoxib group showed an average of 69.39%. Figure 2 
illustrates the statistical implications. The 3 cholesterol- 
fed collectives/groups had highly significant higher pla- 
que rates than the healthy control group. The average of 
the DHEA was numerically lower than the average in the 
cholesterol control. In comparison to the cholesterol 
group it was not significantly lower. The Celecoxib group, 
however, had a highly significant lower plaque rate than 
the cholesterol control- and the DHEA-group. Conse- 
quently, a highly significant decrease of plaque forma- 
tion by medicating with Celecoxib could be determined. 

4. Discussion 

In our study we were able to prove that a highly signifi-
cant reduction of atherosclerosis rates (plaque rates) can 
be achieved by medication with the selective COX-2 
inhibitor Celecoxib [Figure 6]. This, however, could not 
be shown for medication with DHEA, as it has been 
shown as to be possible in other animal experimental 
studies [7]. The physiological parameters lead us to the 
following conclusions: The poorer taste of the cholesterol 
diet resulted in a decreased intake, which in return re- 
sulted in significantly lower weight gain in the 3 choles-
terol-fed groups. By medicating with Celecoxib, however, 
significantly higher weight gains in comparison to the 
other 2 cholesterol groups could be achieved (Figure 1). 
The parameters (Isoprostane, nitrate, nitrite, PGE2 und 
PGE-MUM) measured in the urine showed a normal va- 
riance like in other studies [30-32]; there were no differ- 
rences between the groups. All of the parameters were 
placed in relation to creatinine to avoid the effects of 
varying urine volumes [28,33]. The regularity of the  

 

 

Figure 6. Effects of DHEA and selective COX-2 inhibitor celecoxib on atherosclerotic plaque size by 12 week cholesterol-fed 
rabbit aorta. Plaques were digitally measured of formalin fixed aortas. A usually-fed group and a cholesterol-fed group 
without treatment are also shown. Each bar represents the average of 12 rabbits. **Highly significant difference in compari-
son to the cholestrol control with p value of <0.01. #Highly significant difference in comparison to the healthy control with p 
value of <0.01. 
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fluctuations in the nitrate values stand out in all 4 groups 
as well as for the nitrite values in the DHEA and Cele- 
coxib-group. This phenomenon could not be explained 
by our study. The constant PGE-2 and PGE-MUM values 
in the healthy control group and the considerable fluctua- 
tion and dispersion of the values in the other 3 groups 
may enable the finding of a causal influence of a choles- 
terol diet like other studies were able to [25] (Figures 2 
and 3). The fluctuation of the other parameters measured 
in the urine make this seem unlikely. As only the labora-
tory parameters triglycerides and total cholesterol deter-
mined in the plasma were suitable for a statistical con-
clusion, we were unable to reconstruct the exact mecha-
nism of the reduction of the atherosclerosis rate by 
COX-2 inhibition. To further understand this mechanism, 
we recommend future studies with larger collectives, the 
use of special metabolic cages and the immediate analy-
sis of the urine samples. As expected the total concentra-
tion of cholesterol in the 3 cholesterol-fed collectives/ 
groups was highly significant higher than in the healthy 
control like in other studies too [25] (Figure 4). Within 
the collective of the healthy control a significant reduc-
tion in values was shown from week 0 to week 12, which 
could not be demonstrated in the other study collectives. 
This only confirms the triggering of atheroscleroris by 
feeding rabbits with a cholesterol diet [1,25], but does 
not explain the reduction of atherosclerosis through the 
COX inhibitor Celecoxib. The triglyceride values lead us 
to certain indications for the cause of the reduction in 
atherosclerosis—all 3 study collectives that were fed 
with cholesterol showed highly significant higher values 
than the healthy control. The DHEA group showed sig-
nificantly lower triglyceride values in week 12 than the 
cholesterol control group, and the Celecoxib groups showed 
even highly significant lower values than the cholesterol 
control (Figure 5). Thus it could be demonstrated that a 
significant reduction of atherosclerosis can be obtained 
by treatment with selective COX-2 inhibitors (in our case 
Celecoxib) (Figure 6), which in return reduce the tri- 
glyceride values in plaque in a highly significant manner. 
Other studies showed these conclusions for DHEA [7]. 

5. Conclusion 

In our study we were able to demonstrate that COX-2 
plays a considerable role in the mechanisms of athero- 
sclerosis, as a statistically highly significant reduction of 
the rate of atherosclerosis was achieved through treat- 
ment with the COX-2 inhibitor Celecoxib. A significant 
reduction of the rate of atherosclerosis by treatment with 
DHEA could not be shown in our study, as has been 
shown previously in other studies [7] (Figure 6). We 
also found out that the triglycerid values in the plasma 
could be significantly lowered by medication with Cele-

coxib (Figure 5). This may open a new perspective on 
the influence of the COX-2-inhibitor Celecoxib on athe- 
rogenesis, as the reduction of the count of triglycerides in 
plasma may cause fewer lipids to be bound in athero- 
sclerotic lesions. The relevance of prostanoids and of iso- 
prostanes importance remains unclear in this context. 
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