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Introduction

The use of alternative specimens to blood and urine in foren-
sic toxicology is a field of increasing interest. Histological 
specimens obtained from medico-legal autopsies and stored 
at room temperature in formalin solutions can be used as 
an alternative specimen in forensic drug analysis have been 
shown in many studies (Cingolani et al. 2001; 2004; Tracy 
et al. 2001; Xiang et al. 2001).

The stability of drugs in formalin solution is an important 
factor for drug analysis in forensic investigations. The deter-
mination of degradation products will lead to accurate con-
clusions being reached during forensic analysis. Knowledge 
of the reactivity of formaldehyde with drugs needs to be con-
sidered when performing postmortem or post-embalming 
forensic analysis. Formaldehyde, which is the active ingredi-
ent in embalming fluid, is known to be highly reactive (Suma 
et al. 2006).

Cocaine is in the interest of forensic toxicology, because 
it is one of the most common illicit drugs abused all over the 

world and sudden deaths related to it are encountered fre-
quently (Moriya and Hashimoto 1996). Cocaine has a local 
anesthetic effect in addition to its strong psychotropic effect 
and is widely used illegally (Luckie et al. 2008).

The main metabolites of cocaine are benzoylecgonine, 
ecgonine, and ecgonine methyl ester. Cocaine is rapidly 
metabolized into benzoylecgonine within 0.5–1.5 h in the 
cells either spontaneously or by liver carboxyesterase, 
whereas it is metabolized into ecgonine methyl ester by 
pseudocholinesterase and liver esterase. This hydrolysis 
slows down with a decrease in temperature or pH (Cingolani 
et al. 2004).

The stability of chemicals in biological specimens is 
important from the point of medicolegal investigations. 
Since the chemical composition of postmortem specimens 
may change rapidly, it is important to preserve the samples 
with optimum storage conditions (refrigeration or freezing) 
to minimize these changes (Takayasu et al. 1998; Cingolani 
et al. 2001; Tracy et al. 2001; Xiang et al. 2001).
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Abstract
The stability of drugs in formalin solution is an important factor in forensic investigation. Tissues (liver, lung, 
kidney, brain) taken from rats, which have been poisoned acutely with cocaine, were preserved in two differ-
ent conditions, analyzed by GC-MS, and then compared. Organs of the first group were preserved and stored at 
−20°C without adding formalin, whereas the organs of the second group were preserved and stored in formalin 
solution at room temperature (25°C). Serum samples were taken immediately after poisoning and studied as 
well. In specimens stored at −20°C, cocaine and its metabolite benzoylecgonine were detected in the tissues. 
Only benzoylecgonine was detected both in tissues and their formalin solution. It was observed that the distribu-
tion of cocaine in tissues had differed depending on the preservation conditions. The formalin solution in which 
benzoylecgonine was mostly detected was from liver. As a result, cocaine was detected in tissues stored at −20°C. 
It is recommended that both the formalin-fixed tissues and formalin solution should be analyzed concurrently to 
assure the accurate results (LOD = 3 ng/ml).
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In the present study, the amount of cocaine in the serum 
of rats, which were decapitated after cocaine application, 
and the distribution of cocaine, as well as its metabolites 
in organs stored at −20°C and in tissues fixed in formalin at 
room temperature and in the formalin in which they were 
fixed, were studied. Similar studies were done before, but 
this study adds a novelty to the previous studies. In the previ-
ous studies, only one organ, liver was studied. In this study, 
besides liver and serum, some other organs as lung, brain, 
and kidney were studied as well.

Materials and methods

Reagents and chemicals
Standards for cocaine, benzoylecgonine, cocaine-d

3
, and 

benzoylecgonine-d
3
 (internal standard) were obtained 

from Promochem (France). Standard solutions of cocaine 
and benzoylecgonine at the concentrations of 1. 0 mg/
ml were prepared in methanol, and kept below 4°C until 
used. All solvents used were of HPLC grade and purchased 
from Merck (Germany). Potassium dihydrogen phosphate 
(KH

2
PO

4
) was obtained from Sigma (Germany). Oasis MCX 

(3cc,  60 mg) and Oasis HLB (3cc,  60 mg) cartridge used for 
sample preparation was purchased from Waters (Milford, 
MA) and N-methyl-N-trimethyl-sily-trifluoroacetamide 
(MSTFA) was purchased from Supelco (USA). The fixa-
tive solution used to preserve the organ specimens was 
non-buffered 10% formalin solution containing 3.7% 
formaldehyde.

Phosphate buffer (0.1 M, pH 4.4) was prepared by dis-
solving 6.81 g of KH

2
PO

4
 into  500 ml deionized water. 

Ammoniated ethyl acetate was prepared fresh daily by 
adding  2 ml ammonium hydroxide to  98 ml of ethyl acetate 
for 5 min before use. Acetone/methanol (70:30, v/v) was 
prepared. Water with 5% methanol was prepared by add-
ing sufficient water to  5 ml of methanol to make  100 ml of 
solution.

Animal study
Wistar albino male rats (weighing 250 g) were used in the 
present study (n = 7). Rats were obtained from Cukurova 
University Experimental Medical Research Center. Rats 
were acutely poisoned with cocaine, intraperitoneal way at 
LD

50
 level ( 15 mg/kg), since the rats have been dying sud-

denly via intravenous application. Approximately 2 h later, 
animals were sacrificed by cervical dislocation and their 
blood and organs were taken. Blood samples were put into 
tubes containing sodium fluoride and organ samples were 
divided into two; one half was protected from light and 
stored at room temperature (25°C) and put into formalin 
solution (10%, pH 7.0), and the other half was put into an 
empty glass tube and stored at −20°C in the freezer for 30 
days without any preservation. Samples were analyzed 
via GC-MS device by applying solid phase extraction after 
30 days.

Wistar albino male rats (weighing 250 g) were used for 
the control study. The organ and serum samples taken from 

untreated rats were evaluated. Parallel to the study, the 
organs taken from this group are stored in formalin for 30 
days. The analysis of the stored organs and formalin solution 
were analysed using the same method.

For the study, the approval of Cukurova University Ethical 
Committee for Animal Studies was obtained on 12.27.2005.

Gas chromatography—mass spectrometry analysis  
(GC/MS)
An Agilent model 6890 GC and 5973 mass selective detector 
and a DB17-MS (Agilent, 15-m length, 0.25-mm i.d., 0.25-m 
film thickness) capillary column was used. A 1-µL extract 
was injected in the splitless mode with an injection tem-
perature of 250°C. The oven temperature was programmed 
to increase from the initial temperature of 80°C to 300°C at 
20°C/min, and the final temperature was held for 5 min. The 
injection port temperature was 250°C. The temperatures of 
the quadrupole, ion source, and massselective detector inter-
face were 150°C, 280°C, and 280°C, respectively. Electron 
Impact (EI) mode (70eV) was used for ionization. Helium 
(purity ≤ 99.999%) was used as the carrier gas with a flow rate 
of 1. 5 ml/min. For calibrating the method, four calibrators 
were tested: 0.5, 1.0, 2.0, 4. 0 mg/L. The mass spectrometry 
system was operated in the selected-ion monitoring (SIM) 
mode. The following ions were monitored: m/z 82, 182, 303 
for cocaine, m/z 185, 201, 306 for cocaine-d

3
 (IS), m/z 240, 

256, 361 for benzoylecgonine, and m/z 243, 259, 364 for 
benzoylecgonine-d

3
 (IS).

Extraction procedure
Rat tissue
One gram tissue was cut into small pieces and homogenized. 
Ten microliters of deuterated internal standard (cocaine-d

3
, 

benzoylecgonine-d
3
, 10 g/ml) was added into homog-

enized tissue. Ten milliliers of 0.1 M buffer was added onto 
the samples (dilution factor: 1/10) then vortex mixed and 
centrifuged. Collected supernatant was filtered (0.45 micron 
filter) and transferred to a conditioned Oasis MCX Cartridge. 
The cartridge was conditioned with methanol ( 2 ml) and 
water ( 2 ml). Sample supernatants were loaded onto the 
columns. Columns were washed with water ( 2 ml) and 0.1 N 
HCl ( 2 ml) and 5% methanol in deionized water ( 2 ml); 70:30 
acetone/methanol was used ( 2 ml) for removing acidic and 
neutral drugs. Cocaine was eluted with 5% NH

4
OH in 70:30 

acetone/methanol and elution fractions were evaporated 
until dry under nitrogen. The residue was reconstituted with 
100 µl MSTFA with %1 TMCS and incubated for 20 min at 
70°C. Finally, 1 µl of the sample solution was injected into 
the GC/MS system.

Rat serum
The column (Oasis HLB) was preconditioned with  1 ml 
of methanol and  1 ml of water at a flow rate of 2ml/min. 
One milliliter of serum was mixed with 20 µl phosphoric 
acid and 10 µl deuterated internal standard (cocaine-d

3
, 

benzoylecgonine-d3, 10 g/ml) and then loaded onto 
the column (1– 2 ml/min). The column was washed with 
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5% methanol ( 1 ml). Cocaine was eluted with methanol 
( 1 ml) and elution fraction was evaporated until dry under 
nitrogen. The residue was reconstituted with 100 µl MSTFA 
with %1 TMCS and incubated for 20 min at 70°C. Finally, 
1 µl of the sample solution was injected into the GC/MS 
system.

Formalin solution
Five milliliters of sample was drawn off from the formalin 
solution in which the organs were preserved for 30 days. 
Solutions were evaporated to dryness in a temperature bath. 
Five milliliters of distilled water was added to the residue. 
The extraction of formaline samples was performed using 
the serum extraction methods mentioned above.

Results

Method validation
Good linearity was obtained for cocaine and benzoylecgo-
nine; 0. 1 ml of 10 µg/ml standard solution was added to 1 g 
of blank samples, from each tissue and serum studied here, 
and analyzed in five replicates. The average recovery rate of 
cocaine via this method was found at such high proportions 
that 95% (n = 5) for tissue and 108% (n = 5) for serum, whereas 
the recovery rate of benzoylecgonine was found to be 87% 
(n = 5) for tissue and 92% (n = 5) for serum. Linear regres-
sion analysis of the calibration data showed a correlation 
coefficient of 0.999. Limit of detection (LOD) was defined 
as the lowest concentration with a signal-to-noise ratio of 3 
and quantitation limits (LOQ) as the lowest concentration 

of cocaine giving a response of 10 times the average of the 
baseline.

The limit of cocaine quantitation (LOQ) was 10 ng/ml and 
the limit of cocaine detection (LOD) was 3 ng/ml.

Serum samples taken immediately after poisoning 
were studied. Initial cocaine concentration of rat serum 
samples are shown in Table 1. Mean initial concentrations 
of cocaine for rat serum was detected 1. 03 mg/L. Among 
the fresh tissues which were stored at −20°C, cocaine was 
found at the highest rates in brain. On average, the mean 
tissue concentrations were 1. 61 mg/kg brain, 0. 83 mg/kg 
in liver, 0. 79 mg/ kg in lungs, and 0. 55 mg/kg in kidneys. 
Although cocaine was detected only in organs stored 
at −20°C, it could not be detected in organs kept in formalin 
or in the formalin solution either. When the organs stored 
at −20°C were examined regarding benzoylecgonine distri-
bution, the highest proportion was observed in the brain 
with 0. 73 mg/kg.

However, benzoylecgonine was detected instead of 
cocaine in the tissues preserved in formalin and in for-
malin solution in which they were preserved at room tem-
perature. Cocaine rapidly converts into benzoylecgonine 
in this media. It was determined that, among formalin 
solutions, the most benzoylecgonine was in formalin from 
liver with a mean of 1. 49 mg/kg. It was observed that the 
highest benzoylecgonine was in preserved liver among 
organs preserved in formalin again, with the mean of 
1. 01 mg/kg.

Statistical analysis
Mean levels of benzoylecgonine were compared using SPSS 
v 16.0 statistical package. Non-parametric tests were chosen 
for continuous variables since the data were not distributed 
normally. Wilcoxon Signed-Rank test was used for the com-
parisons between the groups. Results were presented as 
mean ± SD and median (min–max). A p-value of < 0.05 was 
considered significant (Table 1).

When the benzoylecgonine values of the organs stored 
in formalin and the benzoylecgonine values of the forma-
lin they had been stored in were compared to investigate 
whether there was passive diffusion, it was observed that 

Table 1. Cocaine concentrations in serum samples.

Sample Rat serum (mg/L)

1 0.9

2 1.2

3 1.1

4 1.0

5 0.8

6 1.7

7 0.5

Mean 1.03

Table 2. Comparison of average level of cocaine and benzoylecgonine.

 

Frozen (−20°C) Organs in Formalin (25°C) Formalin (25°C)

Cocaine Benzoylecgonine Cocaine Benzoylecgonine Cocaine Benzoylecgonine

Lung (mg/kg)

Mean ± SD 0.79 ± 0.19 0.37 ± 0.28 — 0.51 ± 0.44 — 0.95 ± 0.37

Median (min–max) 0.80 (0.5–1.1) 0.45 (0–1) — 0.44 (0–1.17) — 1.08 (0.33–1.42)

Liver (mg/kg)

Mean ± SD 0.83 ± 0.44 0.56 ± 0.46 — 1.01 ± 0.86 — 1.49 ± 1.03

Median (min–max) 0.70 (0.4–1.6) 0.43 (0–1.31) — 0.79 (0–2.5) — 1.41 (0.11–3.07)

Brain (mg/kg)

Mean ± SD 1.16 ± 0.61 0.73 ± 0.35 — 0.80 ± 0.42 — 0.23 ± 0.18

Median (min–max) 1.5 (0.9–2.5) 0.87 (0–1) — 0.78 (0.24 –1.39) — 0.29 (0–0.46)

Kidney (mg/kg)

Mean ± SD 0.5 ± 0.19 0.49 ± 0.31 — 0.63 ± 0.56 — 1.21 ± 0.78

Median (min–max) 0.5 (0.3–0.9) 0.51 (0–0.97) — 0.71 (0–1.58) — 1.16 (0–2)
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there was passive diffusion between lung, liver, kidney, and 
their formalin solutions. As a result of the statistical analysis 
of the values, the p-values were 0.128 for lung, 0.499 for liver, 
and 0.237 for kidney. As a result of the statistical analysis of 
the brain values, it was observed that the passive diffusion 
during the transition of benzoylecgonine from the organ 
into the formaline is lower when compared to the other 
organs. It was also observed that the difference between the 
benzoylecgonine values of the organs and formaline is sta-
tistically significant (p = 0.018, p < 0.05) (Table 2, Figure 1).

Discussion

Formalin is a chemical substance in which organs and tis-
sue samples are preserved at certain pH and concentrations 
for the studies of forensic medicine. It can be interacted 
with some drugs in different conditions as mentioned in 
the literature. There are many toxicological studies in the 
literature about chemicals analyzed in organs which have 
been preserved in formaldehyde solution (Takayasu et al. 
1994; 1998; Cingolani et al. 2001; Tracy et al. 2001; Xiang 
et al. 2001).

It is known that a solid phase extraction (SPE) method 
is more beneficial (such as high recovery, consuming less 
solvent, and sample study with smaller volume) than liquid–
liquid extraction method (Yawney et al. 2002). Therefore, we 
performed the extraction of our samples via Oasis MCX and 
Oasis HLB extraction cartridges, which are also solid phase 
extractions used routinely in our laboratory.

In the studies performed about the stability of cocaine in 
serum, it was stated that its long-term stability is low, thereby 
alternative specimens were needed for long-term cocaine 
analyses (Takayasu et al. 1994; Cingolani et al. 2004). In addi-
tion, since the half-life of cocaine is shorter than the half-life 
of benzoylecgonine, it is stated that detection of cocaine 
use from its metabolite is more reliable (Jones et al. 2008). 
Therefore, we assessed the amount of cocaine and its main 

metabolite benzoylecgonine in serum (initially), in formalin 
solutions (after 30 days), in fresh and fixed tissues in forma-
lin solutions (initially and after 30 days), and in tissues stored 
at −20°C (initihally and after 30 days). Concordant with the 
literature, our results show that the stability of benzoylecgo-
nine in formalin is higher than the stability of cocaine.

Similar studies were done before, but this study adds a 
novelty to the previous studies. In the previous studies, only 
one organ, liver, had been studied. For example, in the study 
performed by Cingolani et al. (2004), liver was studied alone. 
Similar to our results, it was stated in Cingolani et al.’s study 
that the amount of benzoylecgonine in formalin solution (at 
25°C), in which the tissues were preserved, was higher than 
the amount of benzoylecgonine in tissues fixed in formalin, 
as well as in fresh tissues (Cingolani et al. 2004). In our study, 
other organs such as lung, brain, and kidney were also stud-
ied in addition to liver and serum.

Similarly, in the present study as well, the amount of 
benzoylecgonine was found higher in the formalin solu-
tion in which the organs were preserved than the amount 
of benzoylecgonine in the organs preserved in formalin 
solutions, because cocaine rapidly metabolizes into ben-
zoylecgonine in organs preserved in formalin solution. 
The level of benzoylecgonine, increased in the formalin 
solutions, demonstrated passive diffusion of the drug from 
the tissues into the formalin solutions. Among the organs, 
it was observed that the brain had the lowest ratio of ben-
zoylecgonine transition into formaline, whereas the liver 
had the highest ratio. Accordingly, the brain is a proper 
sample for the cocaine analysis of the organs stored in 
formaline.

In the studies performed the amount of cocaine in organs 
was found higher than the amount of benzoylecgonine in 
specimens stored at −20°C. In the living body cocaine is rap-
idly metabolized to benzoylecgonine by chemical hydroly-
sis. This process can continue in postmortem blood and 
tissues (Spiehler and Reed 1985). Hydrolysis can be slowed 
in low temperatures. In concordance with the information 
from the literature, this result shows that the metabolization 
of cocaine into benzoylecgonine slows down as temperature 
decreases (Moriya and Hashimoto 1996; Isenschimid 2003; 
Cingolani et al. 2004).

Among the specimens stored at −20°C, the highest 
cocaine amount was determined in brain tissue. In their 
study performed about determining the amount of cocaine 
and benzoylecgonine in brain tissue, Browne et al. (1991) 
reported that the amount of cocaine in brain tissue was 4–8-
times higher than the amount of cocaine detected in blood. 
In the above mentioned study, it was pointed out that brain 
tissue gives more reliable results than blood and liver for 
cocaine analysis. Similarly, the amount of cocaine in the 
brain was higher among frozen tissues in the present study 
as well.

It was indicated that cocaine easily passes through the 
blood–brain barrier, but this is not valid for benzoylecgo-
nine, thus benzoylecgonine is expected to be lower in the 
brain (Stephens et al. 2004). In concordance with this, in 
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Figure 1. Distribution of benzoylecgonine in organs according to storage 
conditions.
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the present study it was determined that the amount of ben-
zoylecgonine was the highest in liver among tissues in for-
malin solution and among formalin solutions in which the 
tissues were preserved. It is known that cocaine is unstable 
in postmortem blood samples and changes depending on 
the conditions (temperature, pH, etc.) (Meeker and Giorgi 
1995). However, it was determined that benzoylecgonine 
is more stable in formalin solution and was found in high 
amounts and unchanged in formalin solution, since it does 
not react even with formalin.

As a result, if cocaine has not been studied in fresh tis-
sue and serum and if it is impossible to find a new sample 
to study, tissue fixed with formalin and the formalin solu-
tion in which they were fixed are good samples for detecting 
benzoylecgonine, the main metabolite of cocaine. However, 
interpretation of quantitative data from fixed tissues requires 
considerable care. It is suggested that both the formalin-
fixed tissues and formalin solution should be analyzed con-
currently to assure the accurate results.

Further experimental studies are needed, particularly 
about the stability of benzoylecgonine in formalin solution.

This study is financed by Cukurova University Scientific 
Research Fund with the project number of TF 2005 BAP 33.
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