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Abstract 

We have evaluated the potential of intranasal administration of tramadol. The pharmacokinetic
behaviour of tramadol in rat plasma and cerebrospinal fluid (CSF) after intranasal administration
was determined and compared with those after intravenous and oral administration. Serial plasma
and CSF samples were collected for 6 h, and the drug concentrations were assayed by an HPLC-
fluorescence method. The plasma absolute bioavailability values of tramadol after intranasal and
oral administration were 73.8% and 32.4%, respectively, in conscious rats. The Cmax (maximum con-
centration) value after the intranasal dose was lower (P < 0.05), and the MRT (mean retention time)
was longer (P < 0.05) than the values obtained after intravenous administration. A pharmaco-
kinetic study of tramadol in plasma and CSF was undertaken in anaesthetized rats. The absolute
bioavailability values in plasma and CSF after intranasal administration were 66.7% and 87.3%,
respectively. The Cmax values in plasma and CSF after a nasal dose were lower (P < 0.05) than after
the intravenous dose. The values of Cmax and AUC0→6 h in plasma and CSF after intranasal adminis-
tration were higher than after the oral dose. The mean drug-targeting efficiency after intranasal
administration was significantly greater than after the oral dose. In conclusion, intranasal adminis-
tration of tramadol appeared to be a promising alternative to the traditional administration
modes for this drug. 

Increased attention has been paid to the intranasal (i.n.) administration of analgesics due to
its intrinsic advantages over traditional administration, such as more rapid drug absorption,
more rapid onset of pain relief compared with oral dosing, and good compliance without
complicated administration method or medical service. Some nasal delivery systems of
analgesics such as fentanyl, morphine and ketorolac have undergone clinical trials (reported
on the official website of the National Institutes of Health). Pharmacokinetic studies in vol-
unteers for nasal administration of fentanyl, alfentanil and sufentanil reported that the mean
tmax (time to achieve maximum concentration) in serum was less than 10 min, and the mean
bioavailability varied from 65 to 78% (Dale et al 2002). Furthermore, intranasal administra-
tion was found to be a potential access to the central nervous system (CNS) via the olfactory
mucosa. Many substances have shown direct entry to the CNS through the nasal cavity such
as vasoactive intestinal peptide, methotrexate, insulin-like growth factor-I, indometacin,
interferon beta, zolmitriptan, stavudine, huperzine A, and morphine (Dufes et al 2003;
Wang et al 2003; Thorne et al 2004; Dontas et al 2004; Ross et al 2004; Yang et al 2005;
Vyas et al 2005; Tao et al 2006; Westin et al 2006). 

Tramadol hydrochloride is a synthetic, centrally-acting analgesic, and clinically it is
used widely for moderate-to-severe acute and chronic pain. Its chemical name is (±)cis-2-
((dimethylamino)methyl)-1-(3-methoxyphenyl)cyclohexanol hydrochloride and it has a
molecular weight of 299.8 (Figure 1). It is very soluble in water, is freely soluble in ethanol,
and has a pKa of 9.41. The n-octanol/water log partition coefficient (log P) is 1.35 at pH 7. 

Among the traditional administration modes, intravenous injection usually requires medical
service and oral administration appears to have a slow analgesic response due to absorption.
Therefore, an effective therapeutic strategy of tramadol with a quick onset of action, high
bioavailability and good compliance needs exploration. 
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Fisher et al (1987) reported that aqueous channel mecha-
nisms functioned for the nasal absorption of water-soluble
compounds, and the log molecular weight gave a good linear
correlation with the log per cent intranasally absorbed
(increasing absorption with lower molecular weight). Nasal
administration of tramadol hydrochloride could be a promis-
ing administration mode, based on its having a small molecular
weight and being water soluble. 

We have investigated the pharmacokinetic behaviour of
tramadol in plasma and cerebrospinal fluid (CSF) to deter-
mine whether nasal administration would have quick onset of
action and high bioavailability. 

Chemicals and animals 

Tramadol hydrochloride was purchased from Zhejiang Haixiang
Pharmaceutical Co. Ltd (China). HPLC-grade acetonitrile
was purchased from Tedia Company (US). CP grade ethyl
carbamate, analytical grade diethylamine and phosphoric acid
were purchased from Sinopharm Chemical Reagent Co., Ltd
(China). Water was distilled. 

The protocol for animal use and care was approved by the
institutional Animal Care and Use Committee of Shanghai
Institute of Pharmaceutical Industry. Male Sprague–Dawley
rats, with an average weight of approximately 300 g (range
280–320 g), were housed at 25 ± 2°C with free access to water
and standard laboratory food. 

Three different tramadol hydrochloride solutions were
prepared for the three different routes of administration. For
intranasal administration tramadol hydrochloride was dis-
solved in water (60 mgmL−1), and the pH was adjusted to 6.5
with 1 mol L−1 NaOH. For intravenous administration, a solu-
tion of tramadol hydrochloride (5 mgmL−1) was prepared in
saline. A solution (5 mgmL−1) in water was used for oral
dosing. 

Plasma pharmacokinetics in conscious rats 

Rats were anaesthetized for several minutes with ether before
intranasal administration of tramadol hydrochloride (5.2mgkg−1).
A PE-10 tube was inserted 1 cm into the left nostril, and the
other end of the tube was attached to a microlitre syringe con-
taining the drug solution. For intravenous administration, the
tramadol hydrochloride solution (5.2 mgkg−1) was delivered

through the caudal vein. Oral gavage of tramadol hydrochlo-
ride (5.2mgkg−1) was performed by attachment of a stainless
steel feeding needle to a 1-mL syringe containing the drug
solution. At 5, 15, 30, 45, 60, 90, 120, 180, 240 and 360 min
after intranasal or oral administration blood was collected
from the tail vein. Blood was collected from the retro-orbital
plexus at 2, 5, 15, 30, 45, 60, 120, 180, 240 and 360min after
intravenous injection. 

Plasma and CSF pharmacokinetics 
in anaesthetized rats 

Rats were anaesthetized with an intraperitoneal dose of 30%
(w/v) ethyl carbamate (1 gkg−1) and kept under anaesthesia
throughout the experiment. Tramadol hydrochloride
(5.2 mgkg−1) was administered by three different routes of
administration. Blood was collected from the tail vein at the
same sampling time as in the conscious rat study. CSF sam-
ples were collected from cannulation of the cisterna magna
(Yue et al 2007). The animal was fixed onto a stereotaxic
apparatus (Jiangwan I-C, Shanghai, China). The skin overly-
ing the occipital bone was incised, and the underlying muscle
and tissue were bluntly dissected so that the atlanto-occipital
(a–o) membrane was identified and freed from other tissues.
A 25-gauge needle connected to a 10 cm PE-10 tube was
punctured into the cisterna magna through the a-o membrane.
Once CSF flowed into the tube due to the inner pressure, the
mucilage was used to fasten the needle with the membrane. A
100-mL microsyringe was connected to the other end of the
PE-10 tube, and 20 mL CSF was withdrawn at the same time
points as the blood sampling.

Blood samples were anticoagulated with heparin and
centrifuged at 5000 g for 10 min to obtain the plasma. The
samples of plasma and CSF were stored in a deep freezer
at −20°C until HPLC analysis. 

Analytical procedure 

Acetonitrile (200 mL) was added to 100-mL plasma samples.
After vortex-mixing for 5 min, the mixture was centrifuged at
5000 g for 10 min. Samples (20 mL) of the supernatant were
injected onto the HPLC system. CSF samples were allowed
to thaw and were centrifuged at 20000 g for 10 min before
HPLC analysis. The injection volume was 15 mL. 

The HPLC system consisted of a LC-10AD VP delivery
system, RF-10AXL fluorescence detector, and CLASS-VP
chromatographic integrator (Shimadzu, Japan). The separation
was performed on an Inertsil ODS-3 (250mm×4.6mm, 5mm)
with a mobile phase of acetonitrile:water:triethanol-amine:
phosphoric acid (22:77:0.1:0.14) with a 1mLmin−1 flow rate.
Detector excitation at 275nm and emission at 296nm were used. 

Pharmacokinetic calculations 

The Cmax (maximum concentration) and tmax (time to achieve
maximum concentration) values were obtained from the
concentration–time profile. The area under the concentration–
time curve (AUC0→t) was calculated by the trapezoidal rule.
AUC0−t t½ (half life) and MRT (mean retention time) were
calculated with Kinetica4.4. The absolute oral or nasal
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Figure 1 The molecular structure of tramadol hydrochloride. 
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bioavailability (F) of tramadol hydrochloride was calculated
as the ratio of AUCi.n. (AUCoral) to AUCi.v: 

Fi.n. = (AUCi.n. × Dosei.v.)/(AUCi.v. × Dosei.n.) × 100% 

Foral = (AUCoral × Dosei.v.)/(AUCi.v. × Doseoral) × 100% 

Drug targeting efficiency (DTE) (Vyas et al 2005) was cal-
culated to evaluate the brain targeting of the drug via intrana-
sal and oral administration routes. DTE and SDTE (the standard
deviation of DTE) were estimated by the following formulas: 

DTEi.n./oral = (AUCCSF/AUCplasma)i.n./oral/
(AUCCSF/AUCplasma)i.v. 

Statistical analysis 

All data were reported as mean ± s.d. and the error bars in the
figures represent the standard deviation. Statistical signifi-
cance was assured by analysis of variance performed in one-
way analysis of variance followed by the Tukey test with
SPSS 13.0 for Windows. A difference resulting in P < 0.05
was considered statistically significant. 

Plasma pharmacokinetics in conscious rats 

After intravenous administration, the drug was quickly elimi-
nated, and at 2h the concentration in plasma had decreased to
one-tenth of the maximum concentration; for oral dosing, the
drug concentration in plasma was always low and the AUC0→t
was small, and the time to achieve the Cmax was approximately
1h (Figure 2). Tramadol hydrochloride was absorbed and
eliminated quickly after intranasal administration, and the drug
concentration in plasma was unexpectedly high at 5min after the
dose. It indicated that nasal tramadol had rapid absorption and
apparent onset of effect, maybe because tramadol hydrochloride
has a small molecular weight and is easily absorbed through the

nasal mucosa directly into the systemic circulation, thus bypass-
ing the first-pass metabolism. Additionally, in the nasal cavity
the mucus is transported (mostly towards the pharynx, after
which it will be swallowed) by coordinated ciliary motions.
Therefore, some drops of the drug solution were trapped in the
mucus, and then absorbed into plasma through the gastrointesti-
nal tract. This resulted in the plasma concentration–time curve
of a biphasic nature for intranasal tramadol (Figure 2). 

Plasma pharmacokinetic parameters after a single dose of
5.2 mgkg−1 to male rats via three routes were calculated. Since
the intranasal administration of tramadol resulted in signifi-
cantly (P<0.05) lower Cmax and longer MRT values than after
intravenous injection (Table 1), it suggested that nasal delivery
might achieve lower toxicity and longer residence in plasma
than after intravenous administration. The AUC after intranasal
administration was significantly higher (P<0.05) than after oral
dosing. This indicated that intranasal administration of tramadol
gave higher bioavailability than after oral administration. 

Plasma and CSF pharmacokinetics in 
anaesthetized rats 

The plasma and CSF drug concentration–time curves via
three routes are shown in Figures 3 and 4, respectively. The
drug concentrations in plasma and CSF were relatively high
at 10 min after the intranasal dose, indicating quick onset of
action for the nasal route. During 0–6 h after dosing, CSF and
plasma drug concentrations after intranasal administration

Results and Discussion
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Figure 2 Mean plasma concentration–time curves of tramadol hydro-
chloride after a single dose of 5.2 mgkg−1 to conscious male rats via
three routes (n = 6)(�, intravenous; �, oral; �, intranasal). 

Table 1 Plasma pharmacokinetic parameters after a single dose of tramadol hydrochloride (5.2 mgkg−1) to conscious rats by three routes 

Values are mean ± s.d., n = 6. aP < 0.05 significantly different compared with intravenous; bP < 0.05 significantly different compared with oral;
cP < 0.05 significantly compared with intranasal. 

 tmax (h) Cmax (ng mL-1) AUC (ng mL-1 h) t½ (h) MRT (h) F% 

Intranasal 0.39 ± 0.53 524.66 ± 303.43a 1040.69 ± 289.03b 1.32 ± 0.10 2.35 ± 0.33a 73.8 
Oral 1.00 ± 0.52 190.23 ± 89.77a 456.28 ± 72.80a,c 1.58 ± 0.70a 2.76 ± 0.93a 32.4
Intravenous 0.033 ± 0.000 2044.09 ± 110.73b,c 1409.84 ± 217.70b 0.99 ± 0.11b 1.22 ± 0.09b,c 100 
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were higher than those for oral administration. As for the
intravenous dose, the concentration–time curves showed that
the drug was eliminated more quickly in CSF than in plasma.
In addition, there was no absorption or elimination phase

shown in the concentration–time curve after oral dosing, indi-
cating that drug absorption through the gastrointestinal tract
would be affected greatly by the anaesthetized state. 

The pharmacokinetic parameters are shown in Table 2.
There was no elimination phase in the concentration–time
curve after oral dosing (Figures 3–4), and so the values for t½
and MRT could not be estimated. The values for Cmax in CSF
and plasma after intranasal administration were significantly
lower (P < 0.05) compared with those after intravenous
administration, indicating that the nasal route could have a
lower toxicity than the intravenous route. After intranasal
administration, the MRT in plasma was significantly longer
(P < 0.05) than after intravenous administration, suggesting
that nasal delivery gave longer residence of the drug in
plasma than after intravenous delivery. The results were con-
sistent with those from conscious animals. The AUCplasma
after nasal delivery was significantly lower (P < 0.05) than
after intravenous administration, however, the AUCCSF by
the nasal route was not statistically different (P > 0.05) from
the intravenous route. The Cmax and AUC in CSF and plasma
after nasal administration were significantly higher (P < 0.05)
than those after the oral dose. It was concluded that nasal
administration resulted in a higher bioavailability in CSF and
plasma than after oral administration. 

After intravenous administration, the drug AUCCSF 0→6 h
was 64% of AUCplasma 0→6 h, which meant that tramadol
could pass into the CNS across the blood–brain barrier
(BBB). For oral dosing, the drug AUCCSF 0→6 h was approxi-
mately 58% of AUCplasma 0→6 h, which was similar to that
after the intravenous dose, meaning that the drug went into
the CNS across the BBB. By intranasal administration, the
ratio of AUCCSF 0→6 h to AUCplasma 0→6 h was 97%, which
was higher than either the intravenous or oral routes. It con-
firmed that there was a direct nose–brain pathway for trama-
dol to enter the CNS besides penetration across the BBB by
intranasal delivery. 

DTE of intranasal administration of tramadol 

Tramadol is a centrally-acting analgesic, so its pharmacoki-
netic behaviour in the CNS is important. DTE was used to
measure whether tramadol could pass into the CNS directly
via the nasal cavity. If the DTE was larger than 1 it would
suggest that some drug could pass into the CNS via the nose–
brain passage rather than through the BBB. The DTE values
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Figure 3 Mean plasma concentration–time curves of tramadol
hydrochloride after a single dose of 5.2 mgkg−1 to anaesthetized male
rats (�, intravenous; �, oral; �, intranasal). 
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Figure 4 Mean CSF concentration–time curves of tramadol hydro-
chloride after a single dose of 5.2 mgkg−1 to anaesthetized male rats
(�, intravenous; �, oral; �, intranasal). 

Table 2 Plasma and CSF pharmacokinetic parameters after a single dose of tramadol hydrochloride (5.2 mgkg−1) to anaesthetized rats by three
routes 

aP < 0.05 significantly different compared with intravenous; bP < 0.05 significantly different compared with oral; cP < 0.05 significantly compared
with intranasal. 

  tmax (h) Cmax (ng mL-1) AUC0®6 h (ng mL-1 h) t½ (h) MRT (h) F% 

Plasma Intranasal 1.25 ± 0.35 403.50 ± 25.41a,b 1406.63 ± 55.10a, b 2.49 ± 0.47a 4.27 ± 0.63a 66.70
 Oral 1.46 ± 1.30 94.39 ± 21.21a,c 241.76 ± 54.49a,c – – 11.46 
 Intravenous 0.03 ± 0.00 1152.79 ± 107.79b,c 2108.85 ± 323.10b,c 1.15 ± 0.58c 1.89 ± 0.72c 100 
CSF Intranasal 1.25 ± 0.35 440.97 ± 28.83a,b 1224.62 ± 37.59b 1.63 ± 0.26 2.83 ± 0.24 87.33 
 Oral 1.02 ± 1.35 81.01 ± 60.23a,c 140.43 ± 29.00a,c – – 10.01 
 Intravenous 0.03 ± 0.00 1842.62 ± 255.65b,c 1402.21 ± 195.07b 1.84 ± 0.62 2.30 ± 0.88 100 
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during 0–6 h after the intranasal dose were more than 1
(1.22~1.72), while those after the oral dose were 0.70~1.10
(Table 3). It meant that intranasal administration would
exhibit brain targeting and some part of the drug could enter
the CNS via a direct nose–brain pathway. 

Comparison of plasma pharmacokinetic 
behaviour of tramadol in conscious and 
anaesthetized rats 

The plasma pharmacokinetic behaviour of tramadol in anaes-
thetized rats was compared with conscious rats (Figure 5).
After intravenous administration drug elimination was slower
in anaesthetized than conscious rats. After nasal administration,
the anaesthetized rats showed a slower absorption and elimina-
tion than conscious rats. In conscious rats, the AUCplasma after
intranasal administration was not significantly different from
after intravenous, but in anaesthetized rats it was significantly
lower (P < 0.05) compared with after intravenous administra-
tion (Tables 1 and 2). This should be attributed to the reduced
absorption in anaesthetized rats. The anaesthetized state
would have a greater effect on drug absorption and elimina-
tion, especially for the oral dose. The plasma absolute bio-
availability of the oral tramadol dose in anaesthetized rats
was only one-third of that in conscious rats and the plasma
concentration–time curve did not give the notable Cmax in
anaesthetized rats. These results might have been due to the
irregular decreased absorption through the gastrointestinal
tract in the anaesthetized state. The effect on drug pharma-
cokinetics of anaesthesia should not be neglected. It is neces-
sary to find a proper method of anaesthesia or animal model

Table 3 Drug targeting efficiency of intranasal and
oral dosing of tramadol hydrochloride (5.2 mgkg−1) to
rats 

Time (h) Drug targeting efficiency 

Intranasal Oral 

0.083 1.22 ± 0.59 0.75 ± 0.67 
0.25 1.40 ± 0.49 0.70 ± 0.41
0.5 1.38 ± 0.37 0.82 ± 0.30 
0.75 1.48 ± 0.33 0.87 ± 0.33 
1 1.63 ± 0.33 0.97 ± 0.47 
1.5 1.72 ± 0.27 1.10 ± 0.48 
2 1.71 ± 0.21 0.92 ± 0.39 
3 1.55 ± 0.08 0.86 ± 0.28 
4 1.55 ± 0.17 0.93 ± 0.30 
6 1.36 ± 0.20 0.90 ± 0.32 
x 1.50 ± 0.37 0.88 ± 0.42 

0

500

1000

1500

2000

Time (h)

C
o

n
cn

 (
n

g
 m

L–1
)

C
o

n
cn

 (
n

g
 m

L–1
)

C
o

n
cn

 (
n

g
 m

L–1
)

Anaesthetized rats
Conscious rats

Anaesthetized rats
Conscious rats

Anaesthetized rats
Conscious rats

Intravenous

0

50

100

150

200

250

300
Oral

0 2 4 6

Time (h)

0 2 4 6

Time (h)

0 2 4 6

0

200

400

600

800

1000

Intranasal

Figure 5 Mean plasma concentration–time profiles of tramadol after three administration routes to conscious or anaesthetized male rats.
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to study the drug pharmacokinetics in plasma and CSF simul-
taneously. Even though the pharmacokinetic behaviour of the
oral tramadol dose was significantly affected by anaesthesia,
the DTE was believable. 

Conclusion 

Tramadol hydrochloride was absorbed and eliminated
quickly after intranasal administration. The drug concentra-
tion in plasma and CSF was relatively high at 15 min after the
intranasal dose. The absolute bioavailability in plasma of the
nasal tramadol solution for conscious and anaesthetized rats
was 73.8% and 66.7%, respectively. The mean DTE after
intranasal administration was greater than one, indicating the
existence of a direct nose–brain pathway for tramadol. In
addition, mucociliary clearance transported drops of the drug
solution from the nasal cavity. This limited the time available
for absorption (Merkus et al 1998). It was reported that sev-
eral preparations such as in-situ gel (Tao et al 2006) and
microspheres (Sankar et al 2001; Rajinikanth et al 2003; Mao
et al 2004) could be prepared to prolong the drug’s residence
in the nasal cavity and thus increase the bioavailability.
Therefore, further studies are necessary to optimize formula-
tions of nasal tramadol to achieve a higher bioavailability and
to achieve a sustained drug release. 

It could be concluded that intranasal administration of tra-
madol would have a quick onset of action and high bioavaila-
bility. Nasal administration of tramadol could be a promising
alternative to its traditional administration modes. 
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