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ABSTRACT: Drug levels in decomposed individuals are difficult to interpret. Concentrations of 16 drugs were monitored in tissues (blood,
brain, liver, kidney, muscle, and soil) from decomposing pigs for 1 week. Pigs were divided into groups (n = 5) with each group receiving four
drugs. Drug cocktails were prepared from pharmaceutical formulations. Intracardiac pentobarbital sacrifice was 4 h after dosing, with tissue collection
at 4, 24, 48, 96, and 168 h postdosing. Samples were frozen until assay. Detection and quantitation of drugs were through solid phase extraction
followed by gas chromatograph ⁄ mass spectrometer analysis. Brain and kidneys were not available after 48 h; liver and muscle persisted for 1 week.
Concentration of drugs increased during decomposition. During 1 week of decomposition, muscle showed average levels increasing but concen-
trations in liver were increased many fold, compared to muscle. Attempting to interpret drug levels in decomposed bodies may lead to incorrect
conclusions about cause and manner of death.
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The distribution of drugs immediately following death (the early
postmortem period) and the phenomenon of postmortem redistribu-
tion have been well and extensively characterized (1–6). However,
postmortem fluids that are routinely collected and analyzed (blood,
urine, vitreous humor), and therefore provide the largest compara-
tive database for interpretation, are lost as the postmortem interval
increases. When bodies have decomposed to the point where no
fluids are retrievable, the only specimens available are solid organs
and bone. When drugs are found in weathered tissues, there is cur-
rently limited information available to help guide the toxicologist,
and subsequently the pathologist, in evaluating whether a drug(s)
played any significant role in causing the death (1,7,8). The lack of
information about the fate of drugs in decomposing tissue is under-
standable, in that postmortem studies in humans are not a realistic
possibility. This study used pigs as a pharmacological analog to
humans and investigated the change in tissue drug levels as decom-
position progresses.

Decomposing bodies are found in all types of environments, in
and out of doors. The design of this study was to monitor

concentrations of various drugs, in multiple tissues and organs,
during whole body decomposition in the outside environment.
The fate of sixteen drugs was followed in seven different tissues
collected from decomposing pigs. Specific questions to be
answered were:

• How do the concentrations of drugs change during tissue
decomposition?

• How long do drugs and metabolites persist in tissues at detect-
able levels?

• Which collection sites are most useful for detecting drug expo-
sure and interpreting results?

Materials and Methods

Animal Model

A suitable model for this study was Sus domestica, the domestic
pig. Pigs were selected because their size is comparable to humans,
which allowed high-level dosing and sequential sampling of multi-
ple tissues. Also, their similar physiology to that of humans, specif-
ically their digestive and cardiovascular physiology (9), allowed for
drug absorption and distribution which closely mimic that occurring
in humans. The pig has been used previously to study postmortem
changes in the concentration of clozapine and norclozapine in
blood and tissue (8). The animals used in this study were a York-
shire ⁄ Hampshire cross-breed, females and ⁄or male castrates (as
available) and weighed approximately 120–180 pounds (55–82 kg).
Pigs were obtained from Kidron Auction, Kidron, OH. The sample
size was five animals each ⁄ four drug groups, with four negative
controls. To administer drugs (described below), pigs were
restrained using a nose snare, and with the aid of a speculum, drug
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cocktails were placed in the stomach by gavage using a 500-mL
syringe and gastric tube.

Study Site

The animals were housed, prior to dosing, at the Finley Farm,
The Ohio State University, West Jefferson, OH. This study was
performed during the summer and early fall of 2007. The average
daily temperature for decomposition of the four groups (A through
D) is shown in Fig. 1.

Independent dosing of pigs was staggered over time to allow
sufficient time (1 h per drug group) for sacrifice and transfer of
animals to the study site. The dead animals were placed inside the
perimeter of a chain-link fence, installed so that it was 2 feet below
ground and 6 feet above ground, which served as a barrier to pre-
dators. Inside the chain-link fence, each carcass was housed in a
rectangular protective cage, which was built from untreated 2 · 4
lumber and hardware cloth fencing. The hardware cloth fencing
(six sides) prevented scavengers (birds and mice) from feasting on
the carrion, but was sufficiently open to allow access for microor-
ganisms, flies, and insects. Each cage held two carcasses.

Drugs Evaluated

Although the number of drugs which could be evaluated is vast,
resources and time required the study to be limited in scope. Selec-
tion of the drugs to be evaluated was based on chemical stability
during putrefaction, the prevalence of use of the drug in the general
population, and the drug’s propensity for causing or contributing to
death in humans. Using these selection criteria, in essence, leaves
other important parameters, such as volume of distribution and
half-life, randomized. The stability of drugs in putrefying liver has
been evaluated (10), and three structural criteria were found to con-
tribute to molecular destruction: ‘‘the possession of a readily avail-
able oxygen for anaerobic purposes; the presence of suitably
bonded sulphur; and an aminophenol structure where OH and NH2

are present on the same aryl nucleus.’’ The drugs listed in the fol-
lowing paragraph either were shown to be stable in the putrefaction
study (10) or do not possess the functional groups found to make a
molecule labile.

Drug cocktails were prepared from pills (capsules and tablets)
available as a pharmaceutical formulation. The pills were dis-
solved ⁄ emulsified by sonication in water (total volume = 500 mL).
An opioid analgesic was included as a component of each drug
group to offset pain or discomfort which might be experienced by
the animals. The concentration of drugs was prepared to achieve an
expected toxic level [for humans (11,12)]. A toxic level would pro-
vide analgesia and sedation and allow for the highest chance of
detection of drugs and metabolites in extracted tissues. Four drugs
were administered to a single animal. Table 1 lists the specific
drugs selected (groups A through D), the drug class, toxic concen-
tration, and dosing amount for a 150 lb animal. Each group con-
sisted of five pigs.

Tissue Collection

This study was performed from late spring to mid-autumn. Tis-
sue collection times were approximately 4 h after dosing and then
at 24, 48, 96, and 168 h. A 4-h delay prior to sacrifice allowed for
partial gastric emptying, absorption of drugs, tissue distribution,
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FIG. 1—Environmental temperature during study period. (Data obtained
form The Old Farmer’s Almanac, http://www.almanac.com/weatherhistory.)

TABLE 1—Drugs, toxic concentration, and dosing.

Group Class Drug VD (11) Toxic Conc., mg ⁄ L (11,12) Dose ⁄ 150 lb Pig (mg)�

A Opioid Morphine 3–5 >0.2 54.4
TCA Amitriptyline 15 >5 5100
SSRI Citalopram 12–16 >0.5 476
BDZ Diazepam 0.5–2.5 >5.0 510

Total: 6140.4
B Opioid Methadone 4 >0.5 136

SSRI Fluoxetine 27 >1.0 1836
TCA Doxepin 20–24 >2.0 2992
NSAID Acetaminophen 1 >100 6800

Total: 11,764
C Opioid Propoxyphene 16 >1.0 1088

Antipsychotic Olanzapine 22 >1.0 1496
Antihistamine Diphenhydramine 4.5–8 >5.0 2040
SSRI Venlafaxine 4–12 >7.0 3808

Total: 8432
D Opioid Oxycodone 1.8–3.7 >0.4 76.2

Muscle Relaxant Carisoprodol 4* >40 10880
a-Blocker Verapamil 2–6 >1.0 272
Hypnotic Zolpidem 0.5–0.7 >0.3 12.2

Total: 11,240.4

TCA, tricyclic antidepressant; SSRI, serotonin selective reuptake inhibitor; BDZ, benzodiazepine; VD, volume of distribution (L ⁄ Kg).
*No value reported for carisoprodal; the VD for metoprolol, rather than meprobamate, the primary metabolite of carisoprodol, was mistakenly substituted.
�The amount (mg) of each drug to be administered was calculated as Amount = Toxic Conc*Body Wt*VD; Body wt = 68 kg, Toxic Conc. = minimum

value listed, and VD was the average of the value listed (11).
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and incomplete metabolism. Animals were anesthetized (30 mg ⁄kg
pentobarbital IP) and then sacrificed when they were sedated by
intracardiac injection of 10 mL Beuthanasia-D� ([390 mg sodium
pentobarbital sodium and sodium phenytoin, 390 and 50 mg ⁄ mL,
resp.], Schering-Plough Animal Health, Union, NJ) solution using
an 18G · 3 spinal needle (BD Biosciences, Bedford, MA). Ani-
mals were transferred to the study site, and necropsy performed in
the field. Blood (5 mL or as much as possible) was collected from
peripheral (iliac) and central sites (heart) and placed in 10 mL, gray
top Vacutainer� collection tube (BD Medical Systems). Blood col-
lection was a single collection at the time of sacrifice. Organs were
removed, weighed, a small section of tissue excised (10–15 g), and
then organs were returned to their anatomic location within the
carcass for sampling at later time points. Specific tissues collected
at each time period, or as long as available, included liver, brain,
kidney, muscle, and maggots (13). Sampling of the liver was from
the inferior border of the right lobe, with each sequential section
removed adjacent to the previous collection site. Repetitive collec-
tion from adjacent sites reduced the potential variability that may
have existed if multiple liver sites were selected. During collection
of specimens, care was taken to avoid contact with the gall bladder,
and excised sections were rinsed with water after collection to
remove any bile from the surface of the tissue. Muscle tissue speci-
mens were taken from the gluteus medius muscle of the hind limb.
Repetitive samples were taken from the same incision site. Soil
beneath the central compartment of the carcass was collected after
1 week. All specimens were placed in tubes or plastic specimen
jars, as appropriate, returned to the laboratory, and frozen until
analysis. The necropsy incisions were sutured closed and sealed
with cyanoacrylate glue for the first three collection periods. To
measure how necropsy affected total organ weight over time, 10
pigs, which were not treated, were sacrificed as before and dis-
sected at each subsequent tissue collection point (n = 2) up to
48 h; n = 1 for 96 and 168 h. Dried liver specimens were prepared
using a CentriVap� cold-trap centrifuge (Genetic Research Instru-
mentation Ltd, Braintree, Essex, U.K.).

Extraction of Drugs from Tissues

All chemicals used in the analyses were of reagent grade quality
or better. Standards used to prepare calibrators were obtained from
Cerilliant (Round Rock, TX). Control drugs prepared in whole
blood were obtained from UTAK Laboratories, Inc., Valencia, CA.
Internal standards included in extractions were SKF-525A

(Calbiochem, San Diego, CA), hexobarbital and nalorphine (both
obtained from Cerilliant). Procedures used to extract and analyze
drugs were those which are routinely performed at Franklin County
Coroner’s Office for postmortem toxicology. Tissue specimens
were thawed, an aliquot removed, and, except for blood, weighed,
and homogenized (Waring� blender) in saline (brain = 1:1 dilution
and other tissues = 1:5 dilution). Internal standards (SKF525A,
hexobarbital, and ⁄or nalorphine) were added to blood and homo-
genates (2 mL) prior to extraction. Drugs were extracted from tis-
sues using solid phase extraction columns (CSDAU 206; United
Chemical Technologies, Bristol, PA) (14). Two milliliters of speci-
mens containing internal standards were diluted with distilled water
(3 mL), adjusted to pH 6 with 1.0 M phosphate buffer (2 mL) and
centrifuged. Supernatants were added to SPE columns which had
been previously conditioned. Both basic and neutral drugs were
extracted on to the sorbent bed. Neutral drugs were eluted with
3 mL hexane ⁄ ethylacetate (1:1); basic drugs were eluted with
3 mL methylene chloride ⁄ isopropyl alcohol ⁄ ammonium hydroxide
(78:20:2). Eluents were dried under nitrogen and resuspended in
50 lL acetonitrile. Analysis of basic ⁄ acidic ⁄ neutral drugs and opi-
ates were performed using gas chromatograph ⁄mass spectrometer
(GC ⁄MS) or GC ⁄ MS with selective ion monitoring (SIM); quanti-
tation employed certified calibrators (Cerilliant) and commercially
prepared, custom controls (UTAK Laboratories, Inc.).

GC-MS Analysis

Chromatographic analysis was performed using an HP 5890 ser-
ies II GC with an HP 5972 MS and HP 7673 autoinjector. The MS
was operated in scan mode for all drugs except morphine. Mor-
phine was derivatized with heptafluorbutyric anhydride and assayed
by SIM: morphine: 464 and 480 m ⁄ z; nalorphine 490 m ⁄ z. Chro-
matographic conditions for basic ⁄ neutral ⁄acidic drugs and morphine
were the same except where indicated: Carrier gas: helium
(1 mL ⁄min); column: J&W Scientific HP-1 (cross-linked 100%
dimethylpolysiloxane), 12 m, 0.200 mm i.d., 0.33-mm film thick-
ness; column oven temperature program: 140�C (160�C for mor-
phine) (1 min) to 290�C (3 min) increasing at a rate of 20�C ⁄min;
total run time = 11.5 min (8 min for morphine). Splitless injection,
temperature = 250�C; detector temperature = 300�C; MS ionization
energy was operated 70 eV, and mass spectra were collected by
scanning from 43 to 550 m ⁄ z, at 2 s intervals (SIM for morphine).
All analytes were linear to 2.0 lg ⁄mL (1.2 lg ⁄ mL for morphine),
and limits of quantitation were 0.1 lg ⁄ mL (0.08 lg ⁄ mL for

TABLE 2—Concentration of drugs in iliac blood and tissues along with blood to tissue ratios.*

Drug [Blood]

Relative to
Human
Conc [Liver]

Blood ⁄
Liver
Ratio [Muscle]

Blood ⁄
Muscle
Ratio [Brain]

Blood ⁄
Brain
Ratio [Kidney]

Blood ⁄
Kidney
Ratio

Amitriptyline 0.80 € 0.39 T 14 € 3.0 0.05 2.1 € 1.4 0.39 5.4 € 1.6 0.15 2.3 € 0.54 0.35
Citalopram 0.53 € 0.27 T 5.1 € 0.90 0.10 1.4 € 0.29 0.38 10 € 3.6 0.05 3.1 € 0.85 0.17
Diazepam 0.13 € 0.06 T 4.7 € 1.8 0.03 0.37 € 0.08 0.35 1.1 € 0.27 0.12 0.90 € 0.17 0.14
Doxepin 3.6 € 0.47 X–L 67 € 16 0.05 5.9 € 2.1 0.63 7.12 € 2.1 0.52 24 € 6.0 0.15
Fluoxetine 0.39 € 0.17 T 16 € 4.0 0.02 1.8 € 0.63 0.22 6.5 € 2.4 0.06 7.3 € 2.2 0.05
Methadone 0.20 € 0.05 T–X 2.6 € 1.4 0.08 0.94 € 0.12 0.21 0.74 € .3 0.27 2.0 € 0.37 0.10
Diphenhydramine 2.1 € 0.74 T–X 33 € 13 0.06 11.7 € 0.84 0.18 6.7 € 1.6 0.31 15 € 7.0 0.14
Morphine Trace (<0.05)
Propoxyphine 0.95 € 0.35 T 13 € 4.9 0.07 1.9 € 0.54 0.49 2.3 € 0.7 0.41 5.3 € 2.0 0.18
Venlafaxine 7.1 € 2.3 T–X 67 € 23 0.11 48 € 2.8 0.15 55 € 10 0.13 58 € 23 0.12
Carisoprodol 19 € 5.6 T 21 € 3.9 0.94 13 € 2.7 1.56 34 € 15 0.57 20 € 5.0 0.96
Acetaminophen 15 € 2.4 T 5.6 € 0.55 2.8 22 € 3.7 0.71 7.2 € 0.6 2.2 87 € 15 0.18

*Values are microgram per milliliter for blood and microgram per gram for tissue (mean € standard error of the mean, n = 5) and represent concentrations
at the time of sacrifice of pigs (T0). The blood levels are compared to human blood levels (11,12) with T = therapeutic, X = toxic, L = lethal concentrations.
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morphine). Acetaminophen was analyzed by fluorescence polariza-
tion immunoassay using an Abbott TDx� (Abbott Laboratories,
Abbott Park, IL).

Statistical Evaluation

The sample size (n) was dictated by practical logistical consider-
ations, and preliminary power calculations were therefore not made.
The drug concentration results were analyzed by drug and anatomic
site over time. One-way analysis of variance (ANOVA) was uti-
lized on Minitab statistical software, release 13, Windows 98 ver-
sion (Minitab Inc., State College, PA, 2000). Statistical significance
of trends is indicated by the p value for F statistic in each case.

Results and Discussion

Table 2 depicts the average drug concentration in peripheral
blood and tissues immediately following sacrifice of the pigs. Inter-
pretation of these levels in terms of human drugs concentrations
(i.e., therapeutic, toxic, lethal) is included in this table, along with
blood tissue ratios. Only 11 of the 15 drugs were detected in the
initial blood draw. A possible explanation why zolpidem, oxyco-
done, and verapamil were not detected in initial blood draws may
be the relatively small amounts that were administered, compared
to the other drugs (Table 1). As a result, these drugs may have
been more rapidly cleared than the other drugs or diluted below
detection because of distribution.

Average blood ⁄ tissue ratios for the initial specimen collection
show drugs to be more concentrated in tissue than in peripheral
blood, with the exception of acetaminophen in liver and brain and
carisoprodol in muscle. Contrary to reports in the literature (15–
17), these data also indicate that none of the tissues collected would
be uniformly useful for predicting blood concentration of drugs.

Determining whether drug concentration in blood increased with
increasing decomposition was not possible because of the initial
disruption of the iliac vein; a second blood draw could not be
made. It is well established that drug concentrations in postmortem
blood differ from those observed in antemortem specimens, espe-
cially if the drug undergoes postmortem redistribution (1–6). How-
ever, the focus of this study was on what happens to the
concentration of drugs in tissue, when blood is not available for
collection.

In the summer time, in an outside environment, pig carcasses
decomposed rapidly. After 2 days, tissues not available for analysis

included blood, brain, vitreous, and kidney. Analysis of maggots
collected from carcasses demonstrated the presence of drugs as
early as 48 h (diazepam, citalopram, amitriptyline). All drugs ana-
lyzed were present in maggots collected after 96 h. The tissues that
persisted for 1 week were liver and muscle. Drugs were present in
soil, collected at 1 week, from beneath the abdomen of carcasses.
(After the preparation of this manuscript, soil was collected from
the site where a pig dosed with amitriptyline, citalopram, diazepam,
and morphine had decomposed. Drugs persisting in soil more than
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FIG. 2—Loss of liver weight over time in necropsied and non-necropsied
pigs. m Liver weight in Control (non-necropsied) pigs; n = 2 for 0–48 h. r
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2 years after the study were amitriptyline and diazepam as well as
pentobarbital which had been used as a euthanizing agent. Citalop-
ram and morphine were not detected, which may reflect metabo-
lism by microorganisms or enhanced water solubility in soil
resulting in being washed away. Other sites of decomposition
which may contain other drugs have not yet been investigated.)

An example of rapid loss of tissue weight for liver is shown in
Fig. 2. A close correlation was observed between both necropsied
and non-necropsied animals indicating that surgical removal of the
livers and repetitive replacement in the carcass did not have a large
effect on the organ mass over time.

The change in drug concentrations in decomposing muscle over
time is shown in Fig. 3a–c. The values in parentheses, within the

figure legends, represent the fold increase in concentration from
time 0–96 h (or 168 h for Fig. 3b). Although all concentrations
were higher for all drugs examined as decomposition progressed,
the only increase in drug concentration found to be statistically sig-
nificant was that of amitriptyline. These results are consistent with
previous observations in rat thigh muscle (18).

Figure 4a–c depicts the effect of decomposition on drug concen-
tration in liver. Compared to muscle, the concentration of drugs in
liver tissue was substantially increased during a week of decompo-
sition. All drug concentrations were increased but only 10 of the
16 drugs were increased to a statistically significant level (shown
by *). The average concentration for each collection time and the
level of statistical significance are shown in Table 3.

The difference observed between liver and muscle drug concen-
trations may be a result of a greater loss in tissue mass (most likely
as fluids) for liver (see Fig. 1) than for muscle. Because drug con-
centration is expressed as microgram drug ⁄gram tissue, a decrease
in liver mass would result in an increase in drug concentration.
However, attempts to normalize the data by calculating the total
amount of drug in the entire liver still resulted in an increase in
drug amount over time. Similarly, evaporation of all water from
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TABLE 3—Average concentration of drugs (microgram per gram) in
decomposing pig liver over time.

Drugs

Time
Relative
Increase

p Value*4 h 24 h 48 h 96 h 168 h
4–96

or 168 h

Morphine 0.23 0.44 1.2 4.2 18 0.119
Amitriptyline 14 35 92 169 248 17 0.014
Citalopram 5.0 17 38 75 49 9.8 0.304
Diazepam 4.7 12 16 42 51 10 0.010
Methadone 2.5 10 7.8 23 25 10 0.081
Fluoxetine 16 38 27 55 83 5.2 0.060
Doxepin 66 177 146 339 398 6.0 0.011
Acetaminophen 5.0 20 66 74 63 12 0.002
Oxycodone 1.1 2.7 3.0 3.9 3.6 3.3 0.270
Diphenhydramine 33 72 116 113 151 4.6 0.129
Venlafaxine 67 135 273 304 405 6.0 0.012
Carisoprodol 21 38 139 216 300 14 0.001
Verapamil 6.9 9.6 10 12 20 3.0 0.145
Zolpidem 3.2 3.4 6.6 6.9 13 4.0 <0.0001
Propoxyphene 13 44 62 78 86 6.6 0.005

*Significance of the F statistic on the trend by one-way analysis of vari-
ance (ANOVA).

FIG. 5—Correlation of fold increase in drug concentration in liver and
average Vd (human).
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temporally collected liver specimens, by cold-trap centrifugation,
and expression of concentration as microgram drug ⁄gram dry liver
also showed an increase in drug concentration with increasing
decomposition time. However, the increase was not statistically
significant.

The anatomic location of liver, compared to muscle, may explain
part of the difference in drug concentration for the two decompos-
ing tissues. Liver was in contact with the stomach and GI tract,
and high concentration of drugs leaking from these decomposing
organs may have added to the concentration found in liver. Ele-
vated postmortem drug concentration in kidney of rats has been
attributed to GI leakage (18).

The possibility that the difference in the amount of increase in
drug concentration for different drugs might be a reflection of
lipophilicity was examined by plotting the average volume of
distribution of specific drugs (humans, [11]) against the relative
increase in drug concentration. The total lack of correlation is
shown in Fig. 5.

Whatever the mechanism, it is clear that the concentration of
drugs analyzed increased with the state of decomposition. The
increase in concentration was not the same for all drugs, and drug
concentration in liver increased to a much greater extent than that
in muscle. The variability in fold increase for drugs may reflect the
relative stability of drugs in decomposing tissue. Along with an
increase in concentration, there may be a concomitant, and variable,
decrease in the amount of drugs because of biodegradation. This
possibility is supported by the close correlation of the order of
increase in drugs for both muscle and liver (see Table 4); excep-
tions to this correlation were carisoprodol and verapamil.

Conclusion

In conclusion, drug concentrations can dramatically increase in
decomposing tissues; not knowing this may cause coroners or
medical examiners to issue the mistaken diagnosis of drug over-
dose, either accidental or suicidal. The results of this study clearly
show that at autopsy, high levels of drugs in decomposed bodies,
considered in isolation, can neither support nor negate an over-
dose as the cause of death. However, one must consider the case
information in its entirety. After having performed so, a high
level of drugs in decomposed tissue may support a diagnosis of
overdose.
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TABLE 4—Ascending order of average fold increase in drugs in muscle
and liver.

Drug

Fold Increase

Drug

Fold IncreaseMuscle Liver

Carisoprodol 1.1 Verapamil 3
Diphenhydramine 1.3 Diphenhydramine 5
Fluoxetine 1.3 Fluoxetine 5
Venlafaxine 1.3 Venlafaxine 6
Diazepam 1.6 Doxepin 6
Verapamil 1.6 Propoxyphene 7
Methadone 1.6 Methadone 10
Doxepin 2 Citalopram 10
Propoxyphene 2 Diazepam 11
Citalopram 3.5 Carisoprodol 14
Amitriptyline 5.3 Amitriptyline 18
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