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Introduction
Heroin (diacetylmorphine) is a semi-synthetic 
opioid drug that was fi rst synthesized in 1874.  It is 
a highly addictive drug which is rapidly metabolized 
to 6-monoacetylmorphine (6-AM) and then to mor-
phine (Roth et al., 2003), and is one of the most fre-
quently abused opioid drugs.  Heroin abuse or addic-
tion presents a serious threat to human health and 
concerns for global public health (Guttinger et al., 
2003; van den Brink et al., 2003).  

Heroin has three major active metabolites, 3-mon-
oacetylmorphine (3-AM), 6-monoacetylmorphine 
(6-AM) and morphine, which can be quantifi ed in 
blood, plasma and urine to monitor for abuse, con-
fi rm a diagnosis of poisoning and to assist in a medi-
colegal death investigation (Rook et al., 2005).  6-AM 
is rapidly formed from heroin in the body, and then 
is either metabolized into morphine or excreted in 
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Summary
Th is study investigated heroin and its metabolites in vivo in the rat by using a high-perfor-
mance liquid chromatography-tandem mass spectrometry (GC-MS) method.  Aft er intramus-
cular administration of heroin (10 g/kg body weight) or morphine hydrochloride (20 mg/kg 
body weight) for 14 consecutive days, the heroin metabolites 6-AM (6-monoacetylmorphine) 
and morphine were detected in  hair and urine samples..  In both the morphine and heroin 
groups, urine samples contained much higher levels of morphine than 6-AM, while hair sam-
ples contained equivalent levels of morphine and 6-AM.  Th e presence of 6-AM in the morphine 
group might be related to the acetylation of morphine into heroin by the acetyl-transferring 
enzyme in liver, a conversion process that was confi rmed in laboratory experiments but has not 
previously been described in vivo in mammalian species including humans In addition, our 
study also found that the formation of morphine not only can result from the metabolism of 
heroin but can also be generated by taking morphine hydrochloride.

urine (Bosch et al., 2007).  As with other opioids, 
heroin is used as both an analgesic and a recreation-
al drug, including the treatment for acute pain, such 
as in severe physical trauma, myocardial infarction, 
post-surgical pain and chronic pain (van den Brink 
et al., 1999; Dettmeyer et al., 2000; van den Brink and 
Ree, 2003; van den Brink et al., 2003).  High blood-
brain permeability and eff ective delivery of morphine 
to brain have been considered as explanations for 
the high potency of heroin (Boix et al., 2011).  Her-
oin-assisted treatment signifi cantly reduced the drug 
seeking behavior, and consequently led to signifi cant 
improvement of physical health, mental status and 
social functioning of heroin dependent patients (van 
den Brink et al., 2003).  However frequent and reg-
ular administration of heroin is associated with tol-
erance and physical dependence, which may develop 
into addiction.  
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Research using animals has contributed immensely 
to our understanding of drug abuse and its conse-
quences, prevention, and treatment.  Animal models 
of drug abuse and addiction can be useful tools for 
understanding mechanisms of drug action. Th ese 
models can provide useful information on strate-
gies for preventing and treating abuse and addiction 
and for evaluating possible pharmacotherapies for 
safety and effi  cacy before these therapies are tested in 
humans.  However, screening and confi rmation for 
abuse of drugs and their metabolites present many 
challenges for toxicological analysis (Aleksa et al., 
2011).

In recent years, forensic toxicologists have been par-
ticularly concerned about  distinguishing in drug 
testing between evidence of heroin abuse and the 
medical use of morphine or codeine and the con-
sumption of poppy seeds in food.  Hair and urine 
tests are common methods of detecting the presence 
of heroin by measuring metabolites.  Th e determina-
tion of morphine in hair is a promising, convenient 
tool for identifying past, chronic heroin consumption 
(e.g., over 6 months) (Marigo et al., 1986; Nakahara 
et al., 1994; Paterson et al., 2011).  Th e presence of 
drugs in urine provides only evidence of past expo-
sure rather than evidence of a person being under the 
infl uence of a drug at a particular point in the past.  
However, presence of 6-AM in urine guarantees that 
heroin was in fact used as recently as within the last 
24 hours (Nakahara et al., 1994; Paterson et al., 2011). 

In the present study, a high-performance liquid 
chromatography-tandem mass spectrometry (GC-
MS) method was used for the quantitative analyses 
of heroin and its major metabolites in Wistar rats 
addicted to heroin and morphine hydrochloride.  
Both 6-AM and morphine were measured and evalu-
ated in hair and urine samples. 

Materials and Methods
Reagents and drugs
Th e reagents used in this study included Naloxone 
at 0.4 mg/ml (Medical Technology Co., Ltd. Bei-
jing), N-methyl-N-trimethylsilyl trifl uoroacetamide 
(MSTFA) (Sigma Corporation of America, USA), 
acetonitrile (BDH Merck Ltd., UK), and phosphate 
buff er (pH 8.4), sodium sulfi de, soap powder and 
starch, which were purchased from local chemical 
companies in Lanzhou, China. 

Th e drugs used included morphine hydrochloride 
and heroin (white powder, purity in 86.8%), both of 
which were obtained from the Lanzhou City Public 
Security Bureau, China.  Qualitative validation of the 
optimized chromatographic conditions was com-
pleted in accordance with the guidelines published 
by the United Nations Offi  ce on Drugs and Crime 
(UNODC).

Experimental animals
A total of 60 adult male Wistar rats (animal certifi ca-
tion number NO. 14-008) in the weight range of 200 
- 220 g were obtained from the Experimental Animal 
Center of the Gansu Medicine Institute, China, and 
fed standard pellet diet and water ad libitum.  Ani-
mals were housed one per cage in a temperature-con-
trolled room at 24±1°C and maintained on a 12:12 h 
light-dark cycle.  Each cage was fi lled with padding 
materials.  Prior to the experiments, all animals were 
maintained for an acclimatization period of 7 days 
under the laboratory conditions.

Sixty rats were randomly divided into 3 groups of 
20 animals each.  Th e dorsal hair of each animal was 
removed with a hair removal cream before experi-
mental treatment.  Th e thigh muscles of the rats were 
chosen as the sites to administer an intramuscular 
injection (im) of drugs.  Animals in the control group 
were treated with 20 mg/kg body weight of normal 
saline bid (twice a day), im.  Animals in the mor-
phine and heroin groups were administered 20 mg/
kg body weight of morphine hydrochloride and 10 g/
kg body weight of heroin bid, im, respectively.  All 
experiments and observations were done at the Key 
Laboratory of Science and Technology Research and 
Application of Gansu Province in the Gansu Institute 
of Political Science and Law, China.

Animal model of addiction
To develop an animal model of drug addition, the 
rats in the morphine and heroin groups were admin-
istered daily with the same doses of morphine hydro-
chloride and heroin as described above for 14 con-
secutive days.  Following the fi nal drug administra-
tion (day 14), animals were given an intraperitoneal 
injection of 6.0 mg/kg body weight of naloxone.  
When the treated animals presented some withdraw-
al symptoms, including writhing, wet dog shaking, 
writhing, jumping, grooming, teeth chattering, diar-
rhea and so on, the presence of an animal model of 
drug addiction was confi rmed.  
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Sample preparation
Hair samples (4 cm in length, weighing 100 to 200 
mg), which had no pre-treatment, were cut near the 
dorsal scalp of all experimental animals.  To remove 
any external contamination, all samples were washed 
with 10 ml of ethanol, PBS buff er with 0.1% sodium 
dodecyl sulfate (SDS) solution, and acetone.  Samples 
were then cut into small pieces (~0.5 mm) and incu-
bated with 1 ml of 0.1 mol/L HCl in a water bath at 
45 0C for 18 h.  Th e mixture was neutralized with 1 
ml phosphate buff er solution (pH 8.4) and extracted 
using 2 ml of a solvent mixture of chloroform-iso-
propyl alcohol-heptane (50:17:33).  Urine samples 
were collected by using the metabolic cage for rats 
provided by the Bejing Good Source Industrial Sci-
ence and Technology Co., Ltd, China.

Extraction was carried out by vortexing for 2 min, 
and then centrifuging at 750 g for 10 min at room 
temperature.  Th e organic phases were transferred 
into glass conical tubes.  Th e aqueous phases were 
re-extracted by the same mixture solvent.  Th e fi nal 
extraction was derivatized at 70 0C for 30 min by 
adding 50μl of the mixture of N-methyl-trifl uoro-
acetamide:acetonitrile (1:1). 

Urine samples were collected from animals with 
some withdrawal symptoms 1 h following the 
fi nal drug injection (day 14).  Th e collected sam-
ples were adjusted to pH 9.0 with 5% NaOH for 
further investigation.  For each urine sample, 
two tubes were each fi lled with 2 ml adjusted 
urine solution.  To both tubes were added 0.5 ml 
of boric acid (pH 9.2) and 2 ml of the mixed sol-
vent of chloroform: isopropanol (9:1) and then 
the tubes were centrifuged at 750 g for 10 min 
at room temperature.  Th e organic layer of each 
tube was transferred to a centrifuge tube that 
was dried with nitrogen at 50 0C.  50 μl of acetic 
acid and methanol were added to one tube for 

6-AM analysis.  To the other  tube 50 μl of pyri-
dine and 100 μl of acetic anhydride were added 
and derivatized at 60 0C for 30 min, evaporated 
to dryness, and then 50 μl of ethyl acetate was 
added for morphine analysis. 

Levels of morphine and 6-AM in body hair 
and urine of addicted rats  
Hair and urine samples were analyzed by a HP 
6890/5973 GC-MS (gas chromatography-tandem 
mass spectrometry).  Th e mass spectrometer was 
operated in selective ion monitoring mode (SIM) 
and ions monitored were at m/z 236, 414, 429 for 
morphine and at m/z 287, 340, 399 for 6-AM.

Statistical analysis  
Statistical analysis was performed with the SPSS10.0 
soft ware package for one-way ANOVA and measure-
ments were presented as mean ± SD (standard devi-
ation). Student’s t-test was applied for calculating the 
statistical signifi cance of diff erences between groups.  
Th e diff erence between groups at the p <0.05 level 
was considered statistically signifi cant.

Results
Aft er being administered intramuscularly with 
heroin or morphine hydrochloride for 14 consecu-
tive days, rats in both groups presented withdrawal 
symptoms which shows that  animal models of addic-
tion were successfully developed.  Although both the 
heroin metabolites 6-AM and morphine were detect-
ed in body hair and urine samples, metabolite results 
for the morphine group were signifi cantly diff erent 
from results for the heroin group.

In hair samples, the levels of 6-AM and morphine in 
the morphine group were signifi cantly higher than 
those in the heroin group, but the ANOVA (one way) 
showed no signifi cant diff erences between 6-AM 
and morphine within each group (Table 1, Fig. 1).  
In urine samples, the levels of morphine (83-87% of 
the total concentration of the two metabolites) were 
signifi cantly higher than those of 6-AM (13-17% of 
the total concentration of the two metabolites) in 
both morphine and heroin groups (Table 1, Fig. 2).  
Although the hair concentration of 6-AM was higher 
aft er morphine administration than that aft er heroin, 
injection of morphine resulted in a lower urine con-
centration of 6-AM compared to injection of heroin.

Table 1.  Concentrations of morphine and 6-AM in the hair 
(ng/mg) and urine (μ/ml) samples of addicted rats (Mean ± 
SD, n = 20).

Samples Metabolites Control 
group 

Morphine 
group 

Heroin 
group 

Hair Morphine 0 4.66±1.1**▲▲ 2.64±0.9**

6-AM 0 4.56±1.3**▲ 2.88±0.6**

Urine Morphine 0 32.3±0.6**▲▲ 27.7±0.6**

6-AM 0 4.6±0.4**▲ 5.2±0.2**

**P<0.01 vs the control group; 
▲▲P<0.01 vs the heroin group; 
▲P<0.05 vs the heroin group.
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Discussion 
Animal models of drug abuse and addiction, as well 
as models for diff erent consequences of drug abuse, 
can be useful tools for understanding mechanisms of 
drug action.  Th e pharmacodynamic eff ects of heroin 
depend on the pharmacokinetic profi le of heroin 
and its metabolites following diff erent routes of 
administration.  Urine, blood, and hair screening are 
the most common methods of detecting the use of 
heroin and other drugs.  Experimental results based 
on the GC-MS analysis in this study indicated that 
the heroin metabolites 6-AM and morphine were 
detected from both urine and body hair samples of 

rats addicted to heroin or morphine hydrochloride, 
and the concentration levels of the two metabolites 
were signifi cantly diff erent between samples.  

One of the most interesting results in this report is 
the presence of 6-AM in both hair and urine samples 
in the morphine group.  Th e presence of 6-AM has 
been considered unique to the metabolism of heroin 
(Rook et al., 2006).  However, in the present study, 
when animals were treated with morphine hydro-
chloride, 6-AM was detected in both the hair and 
urine samples (Figs. 1 and 2).  Evidence indicates 
that the actions of heroin are due initially to heroin 
itself which subsequently could rapidly be hydrolyz-
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Figure 2. GC-MS-SIM of the heroin metabolites from the urine samples of rats addicted to morphine (a) and heroin (b). A: 
morphine, B: 6-AM

Figure 1. GC-MS-SIM of the heroin metabolites from the hair samples of rats addicted to morphine (a) and heroin (b). A: 
morphine, B: 6-AM
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ed to 6-AM and fi nally metabolized to morphine in 
blood, liver, and kidney (Boerner, 1975; Skopp et al., 
1977; Rook et al., 2006).  Th e acetylation of morphine 
to yield heroin was confi rmed in laboratory experi-
ments (Bedford et al., 1987; Shults, 2009).  Th e pres-
ence of 6-AM in the morphine group is apparently 
related to this conversion process.  Morphine hydro-
chloride is metabolized mainly in liver and either 
reacted with glucuronic acid, demethylated  or con-
verted to heroin by the acetyl-transfer enzyme.  Th e 
converted heroin is hydrolyzed to 6-AM, and then 
to morphine.  However, this result has not previous-
ly been described in vivo in mammals (including 
humans) and more research on this conversion needs 
to be undertaken before the association between 
morphine hydrochloride and 6-AM is more clearly 
understood. 

Heroin is rapidly absorbed following intranasal or 
intramuscular routes of administration and there are 
heroin peaks in serum in 3- 5 minutes in humans 
(Skopp et al., 1977), but the eff ects of heroin depend 
on the method of administration .  When taken orally, 
heroin undergoes extensive fi rst-pass metabolism 
via deacetylation, making it a prodrug for the sys-
temic delivery of morphine (Sawynok, 1986).  Com-
pared to intravenous injection which provides the 
greatest intensity and most rapid onset of euphoria 
(7 to 8 seconds),  intramuscular injection produces 
a relatively slow onset of euphoria (5 to 8 minutes) 
(Frank, 2000).  In an intramuscular injection, drugs 
are delivered directly into a muscle and then circu-
lated to body organs and tissues.  Th e hydrolysis of 
heroin and 6-AM is catalyzed by diff erent types of 
esterases that are abundantly present in blood and 
tissues (Salmon et al., 1999).  Heroin blood levels in 
humans declined very rapidly aft er drug administra-
tion and became undetectable aft er 10-40 min (Rook 
et al., 2006), indicating that heroin is virtually fully 
converted into its metabolites before renal excretion.  
Th e high morphine levels in urine in the present 
study (Table 1 and Fig. 2) are likely to be caused by a 
high rate of heroin metabolism in blood, suggesting 
that the kidney is primarily involved in the excretion 
of morphine following heroin administration (Mo 
and Way, 1966; Elliott et al., 1971; van den Crugten 
et al., 1991).  

Analysis of urine or blood specimens cannot 
determine the time of drug use with certainty.  

Hair drug analysis is proven to solve this prob-
lem and can accurately detect and measure drug 
molecules embedded in hair (Pragst and Baliko-
va, 2006), especially 6-AM which can easily be 
hydrolyzed to morphine in blood.  Hair is capa-
ble of recording medium to long-term or high 
dosage substance abuse.  Morphine is a drug of 
abuse with the ability to down-regulate immune 
responsiveness that could have potentially seri-
ous consequences in both heroin addicts and 
in the clinical environment (Freier and Fuchs, 
1994).  Th e presence of 6-AM and morphine 
aft er injection of heroin are consistent with those 
of previous studies, but the observed 6-AM in 
the morphine group does not support the pre-
vious research (Table 1).  Th e present study also 
found that the formation of morphine not only 
can result from the metabolism of heroin but can 
also be generated by taking morphine hydro-
chloride. 

Conclusion
Th is study shows that, when rats were addicted 
to heroin or morphine hydrochloride, the heroin 
metabolites 6-AM and morphine were observed in 
both hair and urine samples.  Th e high concentration 
of morphine in the urine samples (83-87% of the total 
concentration of the two metabolites) indicated that 
the administered heroin and morphine hydrochlo-
ride are virtually totally converted into their metabo-
lites before renal excretion.  Th e presence of 6-AM in 
both hair and urine samples of rats addicted to mor-
phine hydrochloride could be related to the acetyla-
tion of morphine into heroin by the acetyl-transfer-
ring enzyme in liver.  However, this result should be 
interpreted with caution and more research needs to 
be undertaken before this conversion process is more 
clearly understood.
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