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Abstract 
Objective: To validate the hypothesis that camel pericardium could be more protected than bovine 
pericardium against calcification process according to the huge difference in their respective life-
style and lifetime. Methods: Glutaraldehyde (GA) fixed bovine and camel pericardium samples (BP 
and CP respectively) were both implanted in 30 New Zealand white rats (2 BP and 2 CP matched 
specimens in each animal) and explanted after 60 days. Unimplanted GA-fixed samples of both 
species served as control. Matched implanted samples and unimplanted samples were randomly 
submitted to elemental analysis by spectroscopy, phospholipid extraction, macroscopic and X-ray 
examination and histology. Results: At 60 days, calcium and phosphorus content were respectively 
9.54% ± 3.1% and 4.79% ± 1.4% of tissue dry weight in BP, and 12.52% ± 2.7% and 6.14% ± 1.3% 
of tissue dry weight in CP (ns). In X-ray analysis, the calcification score was 1.28 ± 0.45 and 2.14 ± 
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0.98 in BP and CP samples respectively without significant difference (p < 0.08). In histology, calci-
fications were lower in BP than in CP: 1.37 ± 0.85 vs 2.28 ± 0.83 (ns); collagen fibers were better 
conserved in BP than in CP: 2.4 ± 0.48 vs 1.87 ± 0.78 (ns), and less disoriented: 25% vs 62% (ns). 
In unimplanted samples, there was a higher but not significant rate of extracted lipids in CP: 5.7 ± 
1.8 vs 9.5 ± 3.8 nanomoles in PS fraction and 11.3 ± 3.7 vs 19 ± 7.7 nanomoles in total fatty acids, in 
BP and CP samples respectively. All results were in conjunction and demonstrated a higher but not 
significant rate of mineralization in camel pericardium after implantation, which could be related 
to a higher but not significant basic rate of phospholipid and fatty acids. Conclusion: This experi-
ment study in a subcutaneous rat model has failed to valid our hypothesis. Because the differences 
observed between bovine and camel pericardium did not reach the significance, at the best, there 
is no difference between both species and at the worst, camel pericardium has a higher rate of the 
phosphatidylserine fraction of phospholipid, and is more sensitive and prompt to calcification. 
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1. Introduction 
Structural dysfunction, due to calcification and non-calcific deterioration, is the major cause of failure of bio-
prosthetic heart valves. Glutaraldehyde (GA) was introduced for fixation of bioprosthetic valves to decrease 
immunogenecity, increase crosslinking of connective tissue proteins, and increase strength and durability [1]. 
Consequently, it has been used extensively for the preservation of bovine pericardium derived valves and por-
cine aortic valves. However, it has been found that GA fixation stimulates dystrophic calcification, as a conse-
quence of xenograft cells devitalization and a toxic effect of unstable cross-linking. The mechanism of minera-
lization of GA-fixed bioprosthesis consists of attraction and precipitation in which activated phosphatases bind 
to calcium upon lipid-based cell debris, which are full of phospholipids [2] [3]. Despite the controversies around 
the different effects of GA on the calcification process [4] [5], GA-fixed tissue remains the basic concept of xe-
nograft engineering and GA is the standard fixative with no alternative in view. Nevertheless, additional antical-
cificant treatments have been developed to block calcification at the cellular level and to provide better structur-
al integrity [6] [7]. 

Regardless of the fixation and the post-fixation treatments of the pericardium, we have considered that the 
animal origin of the xenograft could influence the process of calcification and we have tested this hypothesis in 
a comparison between bovine and camel origin. The main objective of this study was finding a potential differ-
ence in the degree of calcification for GA-fixed bovine (BP) and camel pericardium (CP) in a subcutaneous rat 
model. The organisms live a diverse lifestyle with a variance of eating habits, habitats and life expectancy which 
could involve variety of components present in BP and CP, being able to influence the calcification process of 
their respective tissue. 

2. Material and Methods 
2.1. Tissue Preparation 
Samples of bovine pericardium (BP) and camel pericardium (CP) were obtained from a local abattoir. The re-
moval of any adherent adipose tissue was followed by rinsing in 0.9% cold physiological saline. Samples were 
pre-fixed with a high concentration of glutaraldehyde (0.625%) for a period of 30 minutes. To remain consistent, 
using a round cutter instrument, the samples were assembled into 0.8 cm2 sections. Subsequently, all samples 
were stored by immersion in 0.625% GA at 4˚C for 24 hours. 

2.2. Subcutaneous Implantation 
The round samples, both BP and CP, were implanted subcutaneously in thirty 2-week-old New Zealand white 
rats. The surgical procedure was conducted under general anesthesia by the effect of ether. The dorsal area was 
shaved and disinfected prior to implantation of tissue samples which were rinsed in saline for 3 min to remove 
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any residual storage solution. Each rat received 4 samples, 2 BP and 2 CP; each sample was implanted through 
an incision of 1 cm into the dorsal wall. The unimplanted remaining samples, BP and CP, were stored in 0.625% 
GA at 4˚C as a control group. All animals utilized in this research were cared for according to the policies and 
principles established by the Animal Welfare Act and the NIHGuide for Care and Use of Laboratory Animals. 
After 60 days, the animals were sacrificed using an overdose of barbiturates and the samples were retrieved and 
oriented to three different analysis. For elemental analysis, 10 samples, 5 BP and 5 CP, were stored under cold 
conditions. For lipid extraction and fatty acid analysis, 4 samples, 2 BP and 2 CP, were frozen using liquid ni-
trogen. For morphology and radiography, 10 other samples were collected, 5 BP and 5 CP, and then they were 
fixed in 4% formaldehyde for histologic analysis. The BP and CP samples explanted were matched by animals 
to avoid any variations due the hosts and were identified numerically. Concurrently, the unimplanted and stored 
during the same 60 days BP and CP samples were rinsed in saline for 3 min to remove any residual storage solution, 
and then were oriented to the different analysis, as the explanted samples; they were identified as 0 (BP0, CP0). 

2.3. Elemental Analysis 
Calcium contents were assessed by atomic absorption spectroscopy. Samples were dried to a content weight in a 
desiccator oven and hydrolyzed with HNO3 (0.75 mol/l) at 68˚C for 15 hours. After centrifuging at 2500×g, the 
fluid was removed, diluted and the calcium content was determined using the atomic absorption spectrometer 
UNICAM Solaar 989. A calibration curve was plotted using a set of crescent concentrations of a calcium stan-
dard solution and distilled water blank. Calcium contents, expressed as percentage of tissue dry weight, 
represent the mean of at least three different spectrometric determinations. Phosphorous contents, expressed, as 
percentage of tissue dry weight, were assessed by inductively coupled analysis. 

2.4. Phospholipid Analysis 
The lipids and then the phospholipids were extracted and separated into different classes. The phosphatidyl se-
rine fraction (PS) was transesterified and the fatty acid methyl esters were analyzed by gas chromatography. 
Each fatty acid is expressed in % relative to the total fatty acids in the fraction PS.  

2.5. Macroscopic Examination and X-Ray Analysis 
The morphology of each sample was assessed before submission to X-ray analysis using mammography tech-
nique. For X-ray analysis the presence of calcium deposits was quantified on the basis of a 0 - 4 score as follows: 
0 = absent; 1 = focal, pinpoint, <1 mm of diameter; 2 = focal, >1 mm of diameter or pinpoint multiple; 3 = mul-
tiple >1 mm diameter; 4 = massive deposition. 

2.6. Histology 
The pericardial samples, BP and CP, were fixed in 4% formaldehyde, processed, and stained with hematoxylin- 
eosin (H&E) and von Kossa staining. The following parameters were evaluated: 
• Presence, amount and type of mineralization (nodular and laminar, whether calcium deposits occurred on 

cells, collagen fibers or both) on Von Kossa stained sections.  
• Presence, amount and type of inflammatory reaction (either granulomatous, lymphocytic or neutrophilic) on 

hematoxylin-eosin stained sections.  
A semi quantitative method was applied on histologic sections to evaluate the amount of mineralization and 

inflammatory infiltrate: (0) absent; (1) minimal; (2) mild; (3) moderate; and (4) severe. 

2.7. Statistical Analysis 
Quantitative data were presented as mean ± SEM. The statistical analysis included a variance check (ANOVA); 
The nonparametric Mann-Whitney U and Wilcoxon rank sum tests were used with a pairwise comparison of 95% 
confidence intervals. The probability was set at p < 0.05 for significance. 

3. Results 
All animals except one survived to the surgical procedure and they could be sacrificed at 60-day follow-up. 
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Implanted pericardium samples were matched by animal and then randomly distributed to the different analyses. 
Unimplanted samples were randomly distributed to the different analyses after storage. 

3.1. Elemental Analysis 
In unimplanted samples, calcium and phosphorus contents were at the limit of detection without difference be-
tween bovine and camel origin (Table 1). In implanted samples, calcium and phosphorus contents ranged from 
4.22% to 15.93% and 2.33% to 7.70% respectively. In matched implanted samples, calcium and phosphorus 
contents were higher in camel pericardium (Table 1) showing a higher mineralization process in this group. 
However, the difference between BP and CP were not significant (Figure 1). 

3.2. Phospholipid Analysis 
The phospholipid analysis was done on 8 unimplanted samples (4 BP and 4 CP) and 4 matched implanted sam-
ples (2 BP and 2 CP). In unimplanted bovine and camel samples, the phosphatidylserine fraction ranged from 
4.6 to 8.5 Nanomoles and from 4.6 to 15.2 Nanomoles respectively, and the total fatty acids in PS fraction, after 
new calibration, ranged from 6.9 to 16.9 Nanomoles and from 9.2 to 30.4 Nanomoles respectively, showing a 
higher rate of extracted lipids in camel samples: in mean, 5.7 ± 1.8 vs 9.5 ± 3.8 (ns) Nanomoles in PS fraction 
and 11.3 ± 3.7 vs 19 ± 7.7 (ns) Nanomoles in total fatty acids, in bovine and camel samples respectively. How-
ever, the distributions of the fatty acids were comparable between camel and bovine pericardium samples 
(Figure 2). In implanted samples, results were similar: in mean, 3.5 ± 1 vs 16.8 ± 8.5 (ns) Nanomoles in PS 
fraction and 7.1 ± 2 vs 33.6 ± 17 (ns) Nanomoles in total fatty acids, in bovine and camel samples respectively 
with a comparable distribution of fatty acids (Figure 2). Interestingly, PS fraction and total fatty acids were in 
implanted samples lower in BP and higher in CP in comparison with respective unimplanted samples. 
 
Table 1. Calcium and Phosphorous contents in bovine (BP) and camel (CP) pericardium matched samples. 0 indicates un-
implanted samples; 1 to 5 indicate implanted samples. Results are expressed in % of tissue dry weight. 

Content Samples 0 1 2 3 4 5 Mean 

Calcium 
BP <300 ppm 8.59 11.21 10.12 13.54 4.22 9.54 ± 3.1 

CP <300 ppm 13.62 12.04 7.71 13.32 15.93 12.52 ± 2.7 

Phosphorous 
BP 0.09 4.34 5.61 5.01 6.64 2.33 4.79 ± 1.4 

CP 0.10 6.66 5.93 3.81 6.49 7.70 6.14 ± 1.3 

 

 
Figure 1. Histogram of calcium and phosphorous content expressed 
as percentage tissue dry weight. BP, bovine pericardium, CP, camel 
pericardium. 
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Figure 2. Histogram of means for fatty acids present in unimplanted and implanted BP and CP sam-
ples. BP, bovine pericardium, CP, camel pericardium. 

3.3. Macroscopic Examination and X-Ray Analysis 
The macroscopic aspect of unimplanted and stored samples looks like fine; all are soft, supple, nongritty and 
well preserved without obvious difference between bovine and camel samples (Figure 3(a) & Figure 3(b)). On 
the contrary, all implanted samples look like small bones, more and less rigid, thickened, hard and gritty, as the 
consequence of the mineralization and calcification process during the implantation period; there was no visible 
difference between bovine and camel samples (Figure 3(c) & Figure 3(d)). 

The X-ray analysis involved 14 matched implanted samples (7 BP and 7 CP); the presence of calcium deposit 
was quantified on the basis of a 0 - 4 score (Figure 4) by two independent observers. The calcification score was 
1.28 ± 0.45 and 2.14 ± 0.98 in BP and CP samples respectively without significant difference (p < 0.08).  

3.4. Histology 
Histological analysis involved 4 unimplanted samples (2 BP and 2 CP). There was no difference in the cell 
components: all pericardium samples had absence of lymphocytes, neutrophils, giant cells and calcification. The  
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Figure 3. Morphology of pericardium samples before specif-
ic analysis. (a) BP unimplanted sample (b) CP unimplanted 
sample (c) BP implanted sample (d) CP implanted sample. 
BP, bovine pericardium, CP, camel pericardium. 

 

 
(a)                            (b) 

Figure 4. Mammography X-ray analysis of implanted sam-
ples. (a) shows a CP implanted sample with obvious calcium 
deposits with a score of 4. (b) shows a CP implanted sample 
with calcifications score of 1.BP, bovine pericardium, CP, 
camel pericardium. 

 
collagen fibers were present at a score of 3 and were well oriented in all samples (Figure 5, IV).  

Histological analysis involved 16 matched implanted samples (8 BP and 8 CP). The different microscopic as-
pects observed are illustrated in Figure 5 and semi-quantitative scores are summarized in Figure 6. Calcifica-
tions were lower in BP than in CP: 1.37 ± 0.85 vs 2.28 ± 0.83 (ns); collagen fibers were better conserved in BP 
than in CP: 2.4 ± 0.48 vs 1.87 ± 0.78 (ns) and less disoriented: 25% vs 62% (ns). The inflammatory infiltration 
by lymphocytes and giant cells was overall low with a light difference between BP and CP (ns). 

4. Comments 
Calcification is an important factor in clinical dysfunction of bioprosthetic heart valves. The onset of calcifica-
tion has been postulated to originate from an electrostatic attraction between the acid phospholipids of the con-
nective tissue and calcium. Accelerated calcification is associated with young recipient age, glutaraldehyde (GA) 
fixation, and high mechanical stress. Xenograft heart valves treated with GA and mounted in a rigid stent are the 
most widely used cardiac bioprostheses. Although stable cross-links in cellular and extracellular matrix proteins 
are considered to reduce immunogenicity, GA treatment has been demonstrated to increase calcification by fix-
ing cellular debris in place [1] [2]. 
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(a)                                       (b) 
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(a)                                       (b) 
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(a)                                       (b) 
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(a)                                       (b) 

(4) 

Figure 5. Histology of pericardium samples. (1) Implanted camel pericardium (a) Light microscopy in stained with H&E 
showing mild disruption of collagen fibers of the pericardial matrix; (b) High microscopy with Von Kossa staining showing 
severe calcifications (brown deposits). (2) Implanted bovine pericardium stained with H&E, (a) Light microscopy showing 
the presence of inflammatory cells (lymphocytes and giant cells); collagen fibers of the pericardial matrix remaining well 
oriented; (b) High microscopy showing giant cells. (3) Implanted camel pericardium with Von Kossa staining (a) Light mi-
croscopy and (b) High microscopy showing severe disruption of collagen fiber of the pericardial matrix with severe calcifi-
cation (brown deposits). (4) Unimplanted camel pericardium (a) stained with H&E showing a normal pericardial matrix with 
well-oriented collagen fibers and without inflammatory cell; (b) Von Kossa staining showing no calcification. 
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Figure 6. Histogram of mean scoring for microscopic examinations 
of implanted samples. BP, bovine pericardium, CP, camel pericar-
dium. 

 
Cells are the predominant location of mineralization and the usual pretreatment of commercially available bi-

oprostheses with GA, done to improve tissue durability, also potentiate calcification [4] [8]. GA fixation devita-
lizes but does not remove connective tissue cells that are prone to be the initial site of calcium deposition. Calci-
fication of the extracellular matrix structural proteins collagen and elastin has been studied; collagen and elastic 
fibers can serve as nucleation sites for calcium phosphate minerals, independent of cellular components [9]. 

Tremendous efforts have been made to solve this problem and numerous experiments have been carried out to 
investigate different calcium mitigating agents. Nowadays, all new anticalcificant treatments aim at washing re-
sidual GA out; thereafter, either additional surfactants are applied or methods to block calcification at the cellu-
lar level or to extract cells are used [6] [10]. At present, not all details of the different treatments are fully dis-
closed. 

Significant correlations between phospholipid levels and calcification have been well established and phos-
pholipids appear to be a significant contributor to the calcification of bioprosthetic tissue [2] [3]. Other mechan-
isms may also contribute to the observed calcification, as residual aldehyde toxicity and mechanical and cellular 
factors. Different lipoprotein profiles, potential differences in calcium metabolism, hematologic differences may 
play a role in the onset of calcification [11] [12]. 

The animal origin of the xenograft could also influence the process of calcification [13]. We have tested this 
hypothesis in a comparison between bovine and camel origin. The organisms live a diverse lifestyle with a va-
riance of eating habits, habitats and life expectancy which could involve variety of components present in BP 
and CP, able to influence the calcification process of their respective tissue. The difference in lifestyle between 
the two species is the huge, that a significant difference in the calcification process of pericardium could be ex-
pected. This study used the subcutaneous implantation of specimens. The subcutaneous model has emerged as a 
technically convenient and economically advantageous vehicle for investigating host and implant determinants 
and mechanisms of mineralization, as well as for screening potential strategies for inhibition of calcification [11] 
[13] [14]. The rat subcutaneous implant is a favorable low cost model with easy availability. 

In our experiments, a difference in rate of calcification of the implanted specimens between bovine and camel 
pericardium origin was observed. The calcium measurements using spectroscopy analysis were in conjunction 
with the X-ray analysis and the histological score of calcification of samples: all results demonstrated a higher 
rate of mineralization in camel pericardium specimens. The phospholipid analysis was focused on phospatidyl-
serine fraction and corresponding fatty acids in unimplanted samples, showing higher levels in camel pericar-
dium, with a similar distribution of fatty acids. All differences observed between bovine and camel pericardium 
did not reached the level of significance, probably as a consequence of the limited number of specimens ana-
lyzed. However, even if the results observed were not in the expected direction, this study has confirmed that 
donor species could influence calcification of tissue valve substitutes [13] and correlation between phospholipid 
levels and mineralization [3]. Only Phospatidylserine fraction was analysed because it has been described as the 
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main phospholipid involved in the process of calcification [1] and also to limit the cost of the study. Interesting-
ly, the distributions of fatty acids were similar in implanted and unimplanted samples, and in bovine and camel 
origin, showing that volume of phospholipid is maybe more determinant than specificity in the process of calci-
fication. However, it is well established that additional treatment to remove phospholids from the xenograft tis-
sue or to neutralizes the toxic residual aldhehyde groups have failed to prevent mineralization; the role of resi-
dual matrix immunoreactivity could be predominant. 

Tissue engineering heart valves constructed from a xenogeneic or an allogeneic heart valve scaffold even-
tually covered with autologous endothelial cells are considered to overcome all these obstacles [10] [15]. Sever-
al studies have led to the selection of human allograft, not xenografts, as a basis for decellularization technolo-
gies designed to obtain functioning valve extracellular matrix (ECM) scaffolds for tissue engineering of heart 
valves, a goal which involves a unique combination of biological, engineering, and technological hurdles [12] 
[15]. The tissue engineering heart valve is the prototype multidisciplinary collaborative project that is virtually 
ideal as the archetype for the new era of bioengineered solutions to complex cardiac diseases. 

A limitation of the study is a lack of investigation on mechanical properties like elasticity and strength as well 
as resistance to enzymatic and cellular digestion. Such investigations would have been planned if this study had 
been able to demonstrate a lower mineralization process in camel pericardium and so a possible benefit to de-
velop its use. 

5. Conclusion 
Calcification and deterioration of GA-fixed heart valve substitutes remain a concern. We made the hypothesis 
that camel pericardium could be more protected than bovine pericardium against calcification according to the 
huge difference in their respective lifestyle and lifetime. Our experiment study in a subcutaneous rat model has 
failed to valid this hypothesis. Because the differences observed between bovine and camel pericardium did not 
reach the significance, at the best, there is no difference between both species and at the worst, camel pericar-
dium is more sensitive and prompt to calcification, with a higher rate of the phosphatidylserine fraction of 
phospholipid. These observations led us to interrupt our research in camel tissue substitute and to orient them to 
tissue engineering heart valves which could be more promising according to the lower impact of immunological 
and enzymatic reactions. 
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