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Introduction
Viscera, biological liquids, and hair represent the common 

samples for toxicological analyses. However, it is possible that 
these tissues are not available. This situation can occur when 
corpses are already skeletonized, burned or exhumed. In these 
cases, it is necessary to collect alternative matrices. It has been 
reported that other organs, such as bone marrow (BM), can be  

 
used for toxicological investigations [1,2]. Particularly, several  
authors have described how bone tissue is useful to detect many 
drugs [2-16], such as barbiturates [17,18], opioids [2-4,19-23], 
antidepressants [2,24-27], antipsychotics [2,24], benzodiazepines 
[2-4,28,29]. Particularly, rib BM seems to be an optimal specimen 
for xenobiotics recovery, because of the by high blood supply [2, 
13,14,25,26,30,31]. 
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ARTICLE INFO Abstract

In forensic practice the unavailability of traditional biological samples for toxico-
logical examinations, such as in decomposed body, is not rare. The continuous scientific 
research of possible alternative matrices has identified the bone tissue as a substrate 
usable for the toxicological purpose. Particularly, rib bone marrow (BM) seems to be 
an optimal specimen for xenobiotics recovery. The aim of the present study was a suit-
ability assessment of rib BM to detect acute and previous xenobiotics consumption. Rib 
segments of about 5 g were spiked with antidepressant (Amitriptyline, Citalopram, Ven-
lafaxine and Sertraline) and antipsychotic (Haloperidol, Chlorpromazine, Clotiapine, 
Methotrimeprazine, Promazine) at the concentration levels of 200 and 500 ng/g. Pig 
ribs were examined at time 0 and after 15, 30, 60 and 90 days to verify the persistency of 
the substances. Histological study to verify any structural alterations in pig rib morphol-
ogy after extraction procedure were carried out both fresh and following incubation at 
25°C for 3 months. All the substances were still measurable after three months aging. 
Only haloperidol was no longer detectable at T90. No significant recovery differences 
were noted between ribs fortified with 200 or 500 ng/g, both for antidepressants and 
antipsychotics, at the other sampling times. No structural alterations in pig rib morphol-
ogy neither after leaching nor after the aging process (25°C for 3 months) were found. 
There is limited scientific evidence to show that bone/BM drug concentrations reflect 
those of blood at time of death, yet. However, bone/BM drug detection is helpful in fo-
rensic investigation to give information on xenobiotics intake.

Keywords: Bone Marrow Ribs Pig; Toxicological Investigations; Aging Bone Experimen-
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The aim of the present study was a suitability assessment of 
rib BM to detect acute and previous xenobiotics consumption. 
To this end, we performed analyses on pig ribs fortified with 
antidepressant and antipsychotic mix concentrations. The pig 
ribs were examined by leaching both while fresh and following 
incubation at 25°C (to mimic a postmortem corruption). Specifically, 
pig ribs were examined at time 0 and after 15, 30, 60 and 90 days 
of aging to verify the recovery of the substances. The pig ribs, both 
fresh and following incubation at 25°C for 3 months, underwent 
histological study to evaluate their conditions after leaching and 
aging. the promising results suggest that rib bone tissue could be 
a usable substrate for toxicological detection of xenobiotics when 
conventional matrices are not available.

Materials and Methods

Samples

The study was performed on pig ribs fortified with 
antidepressant (Amitriptyline, Citalopram, Venlafaxine and 
Sertraline) and antipsychotic (Haloperidol, Chlorpromazine, 
Clotiapine, Methotrimeprazine, Promazine). Two different mix 
concentrations (200 and 500 ng/g) were used. Groups of seven 
pig ribs for each experimental concentration were examined both 
fresh and following incubation at 25°C for 3 months (to mimic a 
post mortem corruption).

Extraction Procedure

The extraction was carried out on rib segments of about 5 g. 
Each rib was cleaned of any remains of muscles and connective 
tissues by sharp dissection. The ribs were then washed with 
deionized water to remove external contaminations and left to dry 
in the air. Each sample was spiked with 500 ng/g of bupivacaine 
as internal standard. The extraction was performed by leaching 
process using absolute ethanol + 1% ammonia solution. The eluate 
was acidified with HCl (37%) to pH 5-6 and then evaporated to 
dryness by rotavapor. The residue was reconstituted in 8 mL of 
chlorobutane, and sodium borate buffer (pH 11.5) until pH 9 was 
achieved. After centrifugation at 3000 rpm for 5 min, the organic 
phase was transferred in a vial, while the aqueous phase was 
alkalinized to pH 12 with NaOH 1 M and extracted with 4 mL of 
chlorobutane. After centrifugation at 3000 rpm for 5 min, the 
organic phase was reunited to the previous extract and acidified 
with 4 mL of H2SO4 0.1 M. After centrifugation at 3000 rpm for 
5 min, the aqueous phase was transferred in a vial, and extracted 
twice, at pH 8-8.5 an at pH 12, with 2.5 mL of chlorobutane. The 
organic phases were reunited to the previous extract and added 
with 500 ng of lidocaine (as external standard) per gram of rib 
sample. The extract was evaporated to dryness under a steam of 
nitrogen. The residue was reconstituted in 30 mcl of acetone and 
transferred into autosampler vial for analysis.

GC-MS Analysis

A Hewlett-Packard (HP) gas-chromatograph (Agilent 
Technology Inc., Santa Clara, CA) coupled to a HP 5973 Mass 
Selective Detector (Agilent) equipped with AT 7683 Series 
autosampler was used. An HP5 cross-linked fused-silica capillary 
column (30 m, 0.25 mm i.d.) with a 0.25 ml film thickness (Agilent 
Technology Inc.) was linked to the Mass Selective Detector (MSD) 
through a direct capillary interface. The temperatures of the 
injection port and interface were 220 °C and 210 °C, respectively. 
The oven temperature was maintained at 100 °C for 2 min, then 
programmed to 220 °C at 30 °C/min. Helium was used as a carrier 
gas with a flow rate of 1.0 mL/min. A splitless injection mode was 
selected. Each rib extract was analyzed by select ion monitoring 
(SIM), in order to resolve the substances with the same retention 
time, by monitoring the following ions:

Bupivacaine (S.I.): 140; 141.

Amitriptyline: 58; 202; 215.

Sertraline: 274; 276; 304. 

Citalopram: 58; 208; 238. 

Venlafaxine: 58; 134; 179. 

Haloperidol:224; 237; 206. 

Chlorpromazine: 58; 272; 318. 

Clotiapine: 83; 244; 273. 

Methotrimeprazine: 58; 228; 328. 

Promazine: 58; 238; 284.

Histological Evaluation

Collected bone fragments, both fresh and following incubation 
at 25°C for 3 months, were fixed in 4% formalin and then 
decalcified in EDTA (ethylene-diamin-tetra-acetate) for 36 hours. 
After decalcification samples were processed for routine paraffin 
inclusion. Transverse sections, 6μm thick, were cut and stained 
with haematoxylin-eosin staining.

Result

Antidepressants and Antipsychotics Recovery

The recovery of antidepressants and antipsychotics was 
calculated comparing the peak area of external standard with 
that of each analyte tested. The recovery of the substances at 200 
ng/g and 500 ng/g fortification (average of seven pig ribs for each 
experimental concentration) found at time 0 and after 15, 30, 60 
and 90 days of aging is reported in Tables 1 & 2, respectively.

http://dx.doi.org/10.26717/BJSTR.2020.24.004038


Copyright@ Deborah Sangregorio | Biomed J Sci & Tech Res | BJSTR. MS.ID.004038.

Volume 24- Issue 2 DOI: 10.26717/BJSTR.2020.24.004038

18182

Table 1: Fortification: 200 ng/g. Average percentage found in the pig ribs at time 0 and after 15, 30, 60 and 90 days of aging.

Substances T0 T15 T30 T60 T90 

Antidepressants

Amitriptyline 45.5% ± 3.2 24.3% ± 2.0 15.4% ± 2.3 11.2% ± 2.0 3.2% ± 0.5 

Sertraline 21.0% ± 1.9 11.5% ± 2.1 7.5% ± 1.3 4.3% ± 0.5 2.1% ± 0.5 

Citalopram 53.8% ± 2.8 41.9% ± 2.7 31.9% ± 2.4 26.5% ± 0.9 6.3% ± 0.8 

Venlafaxine 55.0% ± 4.8 44.3% ± 5.1 26.1% ± 1.9 18.1% ± 2.1 12.5% ± 0.9 

Antipsychotics

Haloperidol 51.1% ± 3.9 23.2% ± 1.8 14.5% ± 2.1 4.6% ± 0.5 n.d. 

Chlorpromazine 28.8% ± 1.7 17.3% ± 2.3 10.7% ± 0.1 7.0% ± 0.8 6.1% ± 0.5 

Clotiapine 64.7% ± 2.7 16.2% ± 1.8 11.4% ± 1.9 6.4% ± 0.7 3.4% ± 0.5 

Methotrimeprazine 24.2% ± 1.7 15.5% ± 2.1 9.4% ± 0.9 4.5% ± 0.5 4.1% ± 0.5 

Promazine 21.5% ± 1.8 11.2% ± 0.8 8.9% ± 0.7 7.5% ± 1.0 5.1% ± 0.5 

Table 2: Fortification: 500 ng/g. Average percentage found in the pig ribs at time 0 and after 15, 30, 60 and 90 days of aging.

Substances T0 T15 T30 T60 T90 

Antidepressants

Amitriptyline 60.2% ± 3.7 28.8% ± 1.9 12.8% ± 1.8 12.0% ± 1.4 4.1% ± 0.5 

Sertraline 24.2% ± 1.9 11.2% ± 1.3 4.4% ± 0.5 3.2% ± 0.5 2.6% ± 0.4 

Citalopram 66.1% ± 2.5 46.5% ± 2.3 29.8% ± 2.1 14.1% ± 1.2 5.8% ± 0.6 

Venlafaxine 60.2% ± 4.7 35.8% ± 3.7 29.2% ± 2.1 13.4% ± 2.1 9.5% ± 0.7 

Antipsychotics

Haloperidol 62.1% ± 4.1 28.4% ± 1.2 25.2% ± 2.1 3.6% ± 0.5 n.d. 

Chlorpromazine 37.6% ± 1.9 19.4% ± 2.1 9.4% ± 0.8 7.6% ± 0.5 5.5% ± 0.5 

Clotiapine 66.5% ± 3.7 18.2% ± 2.0 13.2% ± 1.0 9.4% ± 1.0 4.2% ± 0.5 

Methotrimeprazine 32.7% ± 3.0 17.3% ± 1.9 10.3% ± 1.0 7.2% ± 0.9 6.8% ± 0.5 

Promazine 26.0% ± 3.0 15.6% ± 0.9 9.5% ± 0.9 6.3% ± 0.1 5.9% ± 0.5 

Histological Evaluation

The results of the histological evaluation are illustrated in Figures 1A & 1B (fortified and leached; T0) and Figures 2A & 2B (fortified, 
leached and aged; T90).

 

Figures 1A & 1B: Ribs analyzed after fortification and leaching (T0). Magnification respectively ×20 and ×40 for left and right 
panel; Scale bars = 100 μm. CB (Compact Bone), SB (Spongy Bone), HC (Haversian Canal), BM (Bone Marrow).
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Figures 2A & 2B: Ribs analyzed after fortification, leaching and three months aging (T90). Magnification respectively ×20 and 
×40 for left and right panel; Scale bars = 100 μm. CB (Compact Bone), SB (Spongy Bone), HC (Haversian Canal), BM (Bone 
Marrow).

Discussion
In forensic practice the unavailability of traditional biological 

samples for toxicological examinations is not rare. In these cases, 
it is necessary to use the so-called alternative biological matrices 
in order to verify whether xenobiotics were present in the body of 
the deceased at the time of death; and if so, determine if they can 
be linked to the cause of death. In the last decade, there have been 
a number of reports describing extraction methods for the analysis 
of drugs in bone. Several studies have shown the possibility of using 
bone or bone marrow for post-mortem detection of xenobiotics [1-
32], even though the extraction of drugs from bones tissue is much 
more difficult compared to conventional extraction and recovery of 
analyte(s) from biological fluids or other types of tissue [12]. In fact, 
bone tissue provides a natural physical barrier that can prevent 
exposure to exogenous contaminating factors such as substances 
contained in the soil or products of soft tissue putrefaction, as well 
as protect against the destructive postmortem activity of fungi, 
bacteria, animals and plants [2]. , However, the marrow also has an 
extensive blood supply and its great vascularization and lipid-rich 
matrix allow the xenobiotics to enter it. 

The nutritive artery provides the supply of blood, and its 
capillaries make a system of sinusoids inside the medullary cavity 
where the hematopoiesis takes place; such sinusoids converge into 
the central venous system of the bone, and the medullary blood 
return from there to the systemic venous circulation. In fact, the 
vessel walls are extremely thin and covered by a single layer of 
adventitial cells. The endothelial cells lining the vessels lumen form 
a barrier that limits the absorption of xenobiotics and regulates 
the passage of cells both in and out of the marrow through specific 
receptors. The nutrient artery-derived capillaries extend into the 

Haversian canals and return to the marrow cavity by opening into 
the venous sinuses. Thus, there is a circular pattern to blood flow 
within the marrow cavity, from the center of the marrow cavity 
toward the periphery of the marrow cavity then back toward the 
center [33]. The described properties of bone marrow are very 
advantageous for its use as a specimen for analyses in the field 
of forensic toxicology. However, it is not commonly used, due to 
insufficient data about the pharmacokinetics, as well as the absence 
of general knowledge on whether the drug concentrations found in 
marrow represent blood levels at the time of death [1,34]. According 
with other authors, our data show that ribs BM is an excellent 
analytical sample for xenobiotics recovery [2, 13,14,25,26,30,31]. 
In fact, a good recovery of all drugs has been obtained, although 
with small individual differences. A higher recovery rate was 
observed in the ribs treated with 500 ng/g, as showed in Tables 1 & 
2, soon after fortification (T0). No significant recovery differences 
were noted between ribs fortified with 200 or 500 ng/g, both for 
antidepressants and antipsychotics, at the other sampling times. 
Among antidepressants, the best recovery was observed for 
Venlaxfaxine, followed by Citalopram and Amitriptyline; Sertraline 
showed the lowest recovery. 

Among antipsychotics, the best recovery was observed for 
Clotiapine and Haloperidol; for Chlorpromazine, Methotrimeprazine 
and Promazine a lower recovery was achieved. All the substances 
were still measurable after three months aging. Only haloperidol 
was no longer detectable at T90. The extraction method used in the 
study reported here did not damage bone tissues as demonstrated 
by histology. In fact, no structural alterations in pig rib morphology 
neither after leaching nor after the aging process (25°C for 3 
months) were found. 
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Conclusion
At the current state of knowledge, there is limited scientific 

evidence to show that bone/BM drug concentrations reflect those 
of blood at time of death. However, bone/BM drug detection is 
helpful in forensic investigation because it may reveal intake before 
death. Our study has been able to quantify, in ribs, nine substances 
of toxicological interest three months after aging. Further 
experimental data and validated analytical assays are necessary 
to make qualitative and quantitative determination in human BM 
samples.
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