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Abstract

Tramadol is a centrally acting analgesic used for prevention and treatment of moderate to severe pain. It is estimated

that 0.1% of the administered dose passes into breast milk causing potentially unwanted effects in nursing babies.

Pharmacokinetically, breast milk is supposed to be a separate compartment into which the drug is excreted-mainly by

passive diffusion. Due to a complex composition of breast milk, a suitable sample preparation procedure is needed with

a subsequent chromatographic analysis for drug determination. Among several sample cleanup procedures tested we

chose the liquid�/liquid extraction procedure using n -hexane as an organic phase with back extraction into aqueous

phase since it was considered the most suitable and the most compatible with the subsequent HPLC analysis. The

precision and the reproducibility of the method were improved approximately two times by using metoprolol as an

internal standard thus making the method also more robust with regard to a variable composition of milk samples.

These characteristics, together with low detection limit and short analysis time, proved that the developed method is

suitable for monitoring of tramadol in human breast milk.
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1. Introduction

Tramadol/2-[(dimethylamino)methyl]-1-(3-me-

thoxyphenyl)cyclohexanol/ is a synthetic, centrally

acting analgesic agent (Fig. 1a). It has mild opioid

agonist properties and activates monoaminergic

spinal inhibition of pain. Unlike other opioids,

tramadol has no clinically relevant cardiovascular

or respiratory depressant activity. Furthermore, it

does not have a prostaglandin inhibitory effect. It

is used as racemate, whose two enantiomeres

function in a complementary manner enhancing

efficacy and improving tolerability. Administered

orally, rectally or parenterally, tramadol was

proven to be effective and well tolerated analgesic

agent for prevention and treatment of moderate to

severe pain of various origin, including the pain

associated with labor. The dosage of tramadol

should be adjusted to the intensity of pain and the

response of an individual patient. The possible

risks to the neonates and infants should always be

carefully considered, regardless of the fact that
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usually low drug concentrations may be found in

the milk. It is estimated that 0.1% of the original

dose of tramadol passes into milk. Drug excretion

into breast milk occurs primarily by passive

diffusion depending on molecular weight, drug

ionization, lipid solubility and binding, protein

binding and mammary blood flow [1�/4].
Water is the main component of breast milk.

Lactose levels are quite constant representing the

principal osmotically active compound in milk.

The protein content of mature milk shows little

diurnal or feed-to-feed variation. The lipid content

of milk, however, varies considerably within a

feed, between feeds and between individuals. Milk

is more acid than plasma, pH values varying from

6.6 to 7.0 [5�/8].

Safety, scientific reasons and regulatory require-

ments demand that the extent of drug excreted into

breast milk should be evaluated. A suitable

procedure for preparation of sample with subse-

quent analytical method should be, therefore,

developed for reliable drug determination in this

complex and variable biological matrix. High

protein, fat and carbohydrate contents and espe-

cially varying amounts of lipids considerably affect

the method performance, demanding a special

procedure for sample preparation. Due mainly to

high protein and lipid content, milk sample pre-

paration differs from those for plasma or urine.

On the one hand, a protein fraction of milk
contains numerous hydrophilic proteins which

are difficult to precipitate; on the other hand, lipid

globules can retain the drug, thus making the

subsequent analysis impossible. If not removed

from the sample, lipids can also deteriorate the

chromatographic column used for the analysis. A

number of milk sample cleanup techniques have

been described in literature. The most commonly
used are direct injection, ultrafiltration or dialysis,

protein precipitation, liquid�/liquid extraction,

solid-phase extraction and immunoaffinity extrac-

tion [9�/11].

In this study, we present our method for

tramadol determination in milk samples. We

used the liquid�/liquid extraction with back ex-

traction technique for sample preparation which
was followed by the reversed phase liquid chro-

matography for quantitative determination of

tramadol.

2. Experimental

2.1. Materials

Tramadol hydrochloride and metoprolol tar-

trate (internal standard) were supplied by Krka

d.d. (Novo mesto, Slovenia). All solvents and

other chemicals used for chromatography and

sample preparation were of analytical or of

HPLC grade. Blank milk samples, as well as those

obtained after treatment with tramadol were
provided by the Postojna Hospital Center (Slove-

nia).

2.2. Preparation of standard solutions

Standard stock solutions of tramadol hydro-

chloride and of metoprolol tartrate were prepared

in bidistilled water at the concentrations of 1 and 2

mg/ml, respectively. With further dilution in bidis-
tilled water a series of standard water solutions of

tramadol hydrochloride were prepared at the

concentrations of 50, 100, 150, 300 and 500 ng/

ml with constant internal standard concentration

of 150 ng/ml. By dilution of standard stock

solution of tramadol hydrochloride in homoge-

Fig. 1. Chemical structures of tramadol (a) and metoprolol (b).
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nized blank breast milk a series of standard milk

solutions were prepared with the same drug

concentrations as above.

2.3. Extraction procedure

150 ml of standard stock solution of internal
standard was added to 2 ml of milk sample or

standard milk solution and vortexed for several

seconds. 100 ml of 0.1 M NaOH was added and

vortexed again for several seconds. After adding

10 ml of n-hexane, the mixture was sonificated for

10 min and then centrifuged at 5000 rpm for 5 min.

The supernatant was transferred into glass vial;

then 200 ml of 0.1 M HCl and 50 ml of mobile
phase were added. This mixture was vortexed

again for 1 min and the water phase injected into

liquid chromatograph.

2.4. Chromatography

We used the Hewlett�/Packard series HP1100

high performance liquid chromatograph (G1312A

binary pump) controlled by HP Chemstation and

equipped with thermostated autosampler

(G1329A) and diode array detector (G1315A).

The flow rate was set at 1 ml/min, the volume of
injection at 100 ml and UV detection at a

wavelength of 225 nm. A column Luna C18

(150�/4.6 mm), particle size 3 mm with inline filter

was used. The mobile phase consisted of aqueous

solution of 0.05 M KH2PO4 and triethylamine

adjusted to pH 3.5, methanol and acetonitrile in a

ratio of 74:22:4 (v/v/v). The samples were thermo-

stated at 15 8C.

3. Results and discussion

At the beginning of our study we applied the
sample clean-up procedure used for tramadol

determination in the plasma [12]. According to

this procedure, milk samples spiked with tramadol

were treated with 0.1 M NaOH for protein

precipitation followed by extraction with ethyl

acetate. The organic phase was evaporated with

Fig. 2. Chromatogram of standard water solution of tramadol (tR�/10.5 min; conc�/500 ng/ml) and metoprolol (tR�/11.5 min;

conc�/150 ng/ml).
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nitrogen and then reconstituted with the mobile

phase. As foreseen, however, the reconstituted

solutions were not homogenous due to the re-

tained lipids and, therefore, not suitable for

subsequent chromatographic analysis. The second
approach, direct injection of filtered supernatant

after protein precipitation and centrifugation also

failed because of poor recoveries caused by the

retention of tramadol in lipid globules. We did not

test the solid phase extraction procedure since we

had also foreseen the problems associated with

retained milk lipids. Therefore, the liquid�/liquid

extraction procedure was upgraded with the sec-

ond back extraction step into aqueous phase. In

this case, however, n -hexane was found a better
extraction solvent than ethyl acetate or chloro-

form.

Such sample preparation approach was also

compatible with the subsequent reversed phase

HPLC analysis since it helped avoiding the pro-

blems concerning retained lipids. Among several

stationary phases tested, Luna C18 with 3 mm

particles proved to be the most suitable. After

optimization of the mobile phase, well-shaped

peaks with favorable retention times were

achieved. Preliminary chromatographic measure-

ments showed that approximately two-fold better

precision was obtained using the internal standard
procedure compared with the external standard

approach. In our case metoprolol was chosen as

internal standard because of its structural simila-

rities (Fig. 1b) with tramadol resulting in similar

partition and response characteristics. In fact,

both substances showed practically identical reten-

tion times on several chromatographic columns

tested. The adequate resolution of their chromato-

graphic peaks (Fig. 2) was, however, achieved on

Luna C18 stationary phase, proving at the same
time its separation power for future analyses. Figs.

2�/4 show chromatograms of water standard

solution, milk standard solution and real milk

sample taken after tramadol administration.

The validation of the method proved that the

developed internal standard procedure is suffi-

ciently precise with the intra-day and inter-day

precision better than 10% for three replicates in the

Fig. 3. Chromatogram of standard milk solution of tramadol (conc�/100 ng/ml) and metoprolol (conc�/150 ng/ml).
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concentration ranging from 50 to 500 ng/ml. In

this concentration range based on five concentra-

tion points the method was proved linear (r�/

0.99). Recoveries for tramadol ranged from 55 to

65% at the concentration level of 150 ng/ml. Limit

of quantification and detection estimated by the

ICH guidelines (the slope�/intercept method) were

38 and 12 ng/ml, respectively.
Applicability of the developed method was

proven by analyzing several breast milk samples

taken approximately 10 h after oral or parenteral

(i.v.) administration of tramadol. Fig. 4 shows the

chromatogram of milk sample after an i.v. dose of

50 mg tramadol; the responses after an oral dose

have been approximately two times smaller. Ade-

quate selectivity of the developed method, the

ability of the method to detect concentrations of

tramadol expected in human breast milk after

therapy, as well as short retention times confirmed

the suitability of the method for monitoring

tramadol levels after treatment.

4. Conclusions

Drug excretion into breast milk should be

evaluated in view of a possible risk to neonates

and infants. Complex nature of milk demands

application of special cleanup procedures for drug

determination. For this purpose we developed a
liquid�/liquid extraction with subsequent back

extraction, followed by the reversed phase chro-

matography. Data obtained by this approach

show that the method is reliable and suitable for

tramadol determination in human breast milk.
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