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A sensitive method for the determination of cyclobenzaprine in biological 
samples is described. The extraction procedures used are different for urine and blood 
serum. The pH is a very important factor affecting the purity of the extract 
and the reproducibility of the recovery data, particularly for urine. By means of 
extraction, purification is achieved, while separation by thin-layer chromatography 
increases the specificity of the determination considerably. With a Vitatron TLD-IOO 
densitometer, the substances separated can be measured as fluorescent spots from 
the thin-layer plates directly and quantitatively, with good reproducibility. The 
sensitivity is I ng and a linear relationship was obtained between I and 25 ng. 
Extensive recovery studies were made in view of the forthcoming clinical evaluation 
of ‘cyclobenzaprine. A number of experiments showed that this method has so far 
produced better results than can be obtained with the most sensitive gas chromato- 
graphic detection methods. 

INTRODUCTION 

In the search for a specific assay to determine amitriptyline and nortriptyline 
when these drugs are combined with hypnotics and tranquillizersl, a number of 
results were obtained which have led to the development of the assay procedure 
for cyclobenzaprine (MI<-~30) described here, 

In.rg58 and rgsg, MI<-130 was shown to have some activity in the treatment 
of depressive psychosis. It was, however, n.ot as effective a tranquillizer as the stan- 
dard phenothiazine, and not as effective an antidepressant as amitriptyline, 

Within the past year, it has been demonstrated that MI<-130 has a high con- 
sistent muscle relaxant activity in several animal models, exhibiting tonic skeletal 
muscle hyperactivity. At present, the compound is under extensive clinical testing, 
as it has been shown that MI<-130 has the same consistent muscle relaxant activity 
in man. 

Present clinical testing requires a study of the pharmacokinetics of the com- 
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pound. Therefore, an assay to detcrminc MI<-130 and/ctr its mc tabolitcs in human body 
Ruicls is required. 

Cyclobenzaprine (Ml<-130, N,N-dimethyl-g H-dibenzo[a,~Z]cycloheptenepropyl- 
amine hydrochloride) is very similar to amilriptylinc in structure and physicochemical 
properties, It is therefore conceivable that the major metabolitcs are the Io-hydrosy 
compound (I) and the N-dcsmcthyl-Io-hydrosy compound (II). 

CyclobenzaPrlne Amitrlptyllne Metabollte I Metabollte IT 

During the development of an assay, a search was made for direct: measurements 
on the thin-layer plate. Indirect: methods, although often used for metabolic studiesz-0, 
are not sufficiently sensitive for determinations in blood. Based on results obtained 
earlier by densitometry, we compared the most sensitive gas-liquid chromatographic 
detection methods in a number of csperimcnts (to be published). 

PRELIMINARY STUD‘\- OF INSTRUMENTAL ANAL\-SIS 

Cyclobenzaprine can be separated from its metabolites by means of thin-layer 
chromatography. In this method, Merck Fertigplatten Kiesclgel (Silica Gel G plates), 
size 20 x 20 cm, are used. The plates are heated in a drying oven for 30 min at 
110~ and samples are applied with a Hamilton dosing syringe, with absolute ethanol 
as the solvent. After application, the ethanol is evaporated off under a stream of 
nitrogen. Development takes place in a saturated tank, using an eluent: of chloroform- 
methanol-glacial acetic acid (7o:ao:ro). I3eforc it was decided to use this eluent, 
more than 25 cluent systems were tested (see the section on the recovery of cyclo- 
benzaprine from urine). 

To convert cyclobcnzaprine inCo a fluoresce& compound, the TLC plate is 
immersed in zo:/b perchloric acid in ethanol-water (I :I), and subsequently heated 
at no* in a drying oven for 5-7 min. 

Immersion gives better results than spraying, with less background interference 
during densitomctry. With standard solutions of cyclobenzaprine, under UV light 
of 350 nm, an orange-yellow fluorescence is obtained. Optimum excitation wave- 
length is achieved with a UVl3 filter (240-340 nm), and the esact emission wavelength 
of the fluorescent spots is 565 nm. 

The Vitatron TLD-IOO densitometer makes it possible to measure the intensity 
of the fluorescence of O,OI ,ug of cyclobenzaprine wit11 good reproducibility. This 
instrument (Fig. I) is designed for the quantitative determination of irregularly 
shaped spots and spot patterns, where the distribution of molecules over the area of 
the spot is not necessarily homogeneous. The TLD-IOO instrument scans the whole 
spot, signals are automatically summed. and the integrated value is automatically 
recordedT**. 
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Pig. I. Vitc7trcm TLD-100 clcnsitomctcr, 

The operating conditions and settings of the densitometer are as follows : 

Fluorescence 
Light source 
Filter (pl~otornultiplicr) 
Ikphragm 
Level 
Zero course 
Damping 
Span 
Filter (light source) 
Scanning speed 
Swing 

+- 
Nercury lamp 
$35 nn-i 
0.5 
f 
CG 
2 

0.9 
UVB (240-340 nm) 
1 cm/min 
di-5 mm 
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Paper speed on recorder 
Sensitivity of integrator 

During the preliminary 
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I cm/min 
G 

study, cthanolic solutions of pure cyclobenzaprine 
hydrochloride were used in concentrations of 5, IO, 25, 50 and 75 ng per IO ~1. 
A IO-~1 volume was always applied on to the TLC plate. 

In Fig. za, the integrated values are shown in a densitogram. The calibration 
curves for 5, IO, 25, 50 and 75 ng amounts were not linear (Fig. 2b). The calibra- 

*tion curve sllows a plateau effect above 25 ng. However, between 5 and 25 ng, the 
correlation between concentration and nu&ber of pulses (integrated peak -area) 

(a) 

(b) 

Big. 2. In) Dcnsitogrsm of cliffcrcrrt zmxxmts (5-75 ng) of pure cyclobcnzaprinc lzyclrocl~loridc. 
(b) Cdibration curve of cyclobcnenprinc hydrochloride (5-75 ng). 
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warranted further investigation. In Fig, 3a the integrated values arc shown in n 
densitogram. Further studies showed that the calibrntion curve is almost linear 
between 5 and 25 ng (Fig. 3b). The assay method appeared to be sensitive enough to 
differentiate the following concentrations: I, 3, 5, S md IO ng per IO ccl with a 
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Fig. 3, (a) Dcnsitogram of cliffercnt amounts (s-25 ng) of pure cyclobcnzaprinc hydrochloriclo, 
(b) Calibration curve of cyclobcnzaprinc l~ydrochloriclc (5-25 ng). (c) Calibration curves of cyclo- 
lxuwtprinc l~yclrocl~loriclc obtilincd from diffcrcnt TLC plates. 
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linear curve. The number of pulses is linearly related to the concentration in the con- 
centration range 1-25 ng per 10 ~1. 

Duplicate determinations were carried out on solutions containing 5, IO, 15, 
20 and 25 ng. It appeared that the values of the original and duplicate determinations 
were almost always the same. The regression coefficients and F and p values are given 
for the deviation from linearity (Table I). Series number 4 is a failure. From the 
others, the deviation from linearity is not statistically significant at a threshold value 
of 5%. 

Eventually, we chose a more sensitive adjustment of the TLD-zoo densitom- 
eter. This resulted in a linearity in the complete range from 4 to 20 ng. The degree 
of fluorescence may vary, but this does not affect the linearity (Fig. 3~). Fig. 3c 
illustrates the linearity of three single determinations, also on different thin-layer 
plates, of solutions containing 4, 8, 22, 16 and 20 ng. 

To provide confirmation, a trained analyst obtained the results on three un- 
known solutions given in Table II. . . 

TABLE II 

MANUAL ASSAY OB THREE UNKNOWN SOLUTIONS 

Solution Concentration Comentvation 
in sample determined 
(w per Jo cc0 by assay 

(w W 10 N> 

IL 
40 43 

IQ.5 124 
‘III 10 IO 

RECOVERY OF CYCLOBENZAFRINE FROM URINE 

Instrumental analysis tiith the densitometer enables cyclobenzaprine to be 
determined directly on the thin-layer chromatogram provided that it is measured 
in the linear area of the concentration fluorescence curve. This linear area occurs 
below 25 ng of cyclobenzaprine. The blood levels and urinary concentrations to be 
anticipated are favourable as regards this range, so that extraction from blood and 
urine provides concentrations within this linear area. Higher concentrations in the ex- 
tract can be brought within the area desired by dilution. It is necessary to carry out 
a recovery study for the extraction, as the extraction does not necessarily give a 
yield of zoo%, however accurately it may be carried out. It is less important to 
obtain an almost IOO~/~ yield than to have .a reliable and reproducible recovery, so 
that later one specific recovery factor can be used in the determinations, 

In searching foran extraction method that is both reproducible and produces 
as high a yield as possible, we took into account the, well known similarities in 
chemical and physical behaviour of cyclobenzaprine to amitriptyline. Unfortunately, 
little uniformity is to be found in the literature with respect to the extraction .of 
amitriptyline*16, and recovery studies are hardly, if ever, mentioned. Consequently, 
it was necessary to carry out preliminary studies to obtain more insight into factors 
such as pH,‘extraction agents, desiccating, agents, purification, and testing conditions 
of thin-layer chrom&ography. 
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Preliminary stt4ay 
The standard solutions were prepared by adding 100 ,~l of a solution of CYC~O- 

bcnzaprine in ethanol (50 pgpnl) to IO ml of urine. The extraction of 5 pg of cycle- 

benzaprine from IO ml of urine was carried out with initial purification by extraction 
with chloroform at PI-I r-2, followed by extraction with three zo-ml volumes of chloro- 
form ‘at pH g. The chloroform was shaken with magnesium sulphate and activated 
carbon, and evaporated on a water-bath after filtration; the last portion was re- 
moved in a tube attached to a rotating film evaporator. The residue was dissolved in 
z ml of ethanol and IO ,ul of this solution were applied to the thin-layer plate. On 
the chromatogram, there was no spot at the RF value of cyclobenzaprine, and tests 
with higher concentrations of cyclobenzaprine did not produce any results with 
the above method. A search for the cause of this failure gave the following results. 

Activated carbon must be used to purify the cyclobenzaprine after extraction 
because cyclobenzaprine is markedly adsorbed by activated carbon. The extraction 
of cyclobenzaprine from water with the zo-ml volumes of chloroform at pH 9 
resulted in a low recovery (cu. 30%). To increase the recovery, 5 ,ug of cyclobenz- 
aprine were added to IO ml of urine and extracted with five zo-ml volumes of chloro- 
form at PI-I > IO. The chloroform was dried over magnesium sulphate. By using 
thin-layer chromatography, a good separation was obtained without contaminations 
at the RF value of cyclobenzsprine. The recovery was about 60-70%. The yield could 
be increased: extraction with six 2S-ml volumes of chloroform resulted in a recovery 
of So-go~/~, while recovery from water produced a yield of 95 %. This effect is prob- 
ably due to the partial elimination of the cyclobenzaprine spot on the thin layer 
owing to varying extents of contamination in the extract, so that no reproducible 
values could be obtained. The recoveries varied daily from 60 to 95%. Initial purifi- 
cation by extraction at pH I with chloroform, followed by the usual procedure, 
did not give any result. Cyclobenzaprine also appeared to be extractable as the 
hydrochloride salt, but the recoveries were low (60-70%)~ Although cyclobenzaprine 
has a pKa value of 8.4 and at high pH values (> 10.4) it is completely in the form 
of the free base. (Fig. 4, titration curve), a number of e$ractions were carried out 
at pH 6,816. Better results were obtained, so that it was decided to continue working 
at pH 6.8. 

.To, be sure the best results were being obtained, some other experiments anal- 
ogouS to the well known extraction methods for amitriptyline were carried out. 
The extraction method for amitriptyline described by ESCWENSOF AND RIEDER~, 
using benzene at pH 9 after initial puScation with benzene at pH < 3, gave even 
lower recoveries (cu. 10%). Following the work of, HERMANN AND PULVER~' we ex- 

tracted cyclobenzaprine with, I;z-dichloroethane in urine buffered with I N sodium 
carbonate, It was found that one extraction with 150 ml of chloroform using a shaker 
for’ 20, min, instead of the procedure of six extractions with. 25 ml of chloroform 
resulted, in recoveries ‘of 39 and 31%. The same procedure carried out with 1,2- 
dichloroethane instead of chloroform was not successful and gave lower recoveries. 
‘On’the chromatogram, the cyclobenzaprine spot: was disturbed by a large fluorescent 
spet with tailitig, so, that cyclobenzaprine ,could : hardly. be distinguished. A further 
ex%laction with petroleuni ether18 was carried out .,Apart from a markedly contaminat- 
,e&. tihromatogram,: the extraction method was’inadequate because a very low recovery 
of cyclobenzaprine was obtained. 
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pH 5.3 pH a.4 
L 
3.4 

Fig. 4, TitriLtion curve of cyclobcnzsprine. 

Thus the extraction of cyclobenzaprine from urine was difficult. However, it 
is now possible to determine cyclobenzaprine quantitatively in human urine. It 
must be remembered, however, that pH is a very important factor affecting the purity 
of the extract and the reproducibility of the recovery data as follows: 

(I) Above pH IO, extraction gives a high recovery of ca. 95%. Cyclobenzaprine 
is then present as the free base. Impurities interfere to such an extent that the 
reproducibility is minimal with a variation of cu. 35 Oh. 

(2) At pH 1.0 the recovery is minimal and the variation considerable. 
(3) It was found,,tiat the best results were obtained- by carrying out the ex- 

traction in urine buffered to pH 6.8. The recovery is then lower than in (I), but 
the results vary little. Moreover, the impurities that remain are well separated from 
cyclobenzaprine on the chromatogram. 

Extraction firocedawc in urine 
A Io-ml volume of urine is adjusted tq PI-I 6.8 with 0.1 N NaOH-0.1 N HCl, 

using a magnetic stirrer, and 5 ml of Sorensen buffer of pEI 6.8 are added. (In our 
recovery studies, 2 pg of cyclobenzaprine were then added to the buffered urine.) 
The urine is extracted with six z,+ml volumes of chloroform, subsequently dried over 
magnesium sulphate and filtered, and the chloroform is distilled off in a water-bath 
at 60”. 

The concentrate (with residual amounts of chloroform) is placed in a centrifuge 
tube with a ground-glass stopper and evaporated in a rotating ‘film evaporator 
(Rotavapor). The residue is dissolved in 1.0 ml of absolute ethanol, and 10 ,uI of this 
solution are applied to the TLC plate and treated as discussed under INSTRUMENTAL 
ANALYSIS. 
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Resdts 
Table III summarizes the recovery results from 25 d.eterminations on 8 days 

according to the above procedure carried out on human urine containing z pg of 
cyclobenzaprine per IO ml. 

Thus, the extraction of cyclobenzaprine from urine containing an unknown 
concentration of cyclobenzaprine as well as the subsequent densitometry have to 
be carried out in duplicate. 

In order to study the effect of the cyclobenzsprine concentration on recovery, 
a number of experiments were performed in which various amounts of cyclobenz- 
aprine were added to the urine. The results obtained proved that there was hardly 
any difference in recovery at the various concentrations. Fig. 5 shows a densito- 

TABLE 111 

RECOVERY OFCYCLOBENZAPRINE FROM URINEON CONSECUTIVE DAYS 

Day Rccovevy (%)a 

I 80, 80, go (83.3) 

3 83, 77s 77B 87, 84 74 (76) (84, 67) 

4 77s 84, 77. 84. 73 88 (751 (85, 67) 3) 
6 82, 84, 86 (84) 
z! 79, 80, 76, 86, 78 (771 67) 

83 (83) 

a Standard deviation of daily means = 

4.0%. 

4.0%. Average recovery (in parentheses) = 81.2 & 

l?ig. 5. Densitogram of difkwcnt amounts (10-20 ng) of pure cyclobonzaprine hydrochloride and 
cyclobonzaprine hydrochlorideisolated from urine. 
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gram representing the results of one of the recovery experiments in which 1.0, 1.5 
and 2.0 ,ug of cyclobenzaprine were added to IO ml of urine. 

RECOVERY OF CYCLOBENZAPRINE FROM SERUM 

In blood, cyclobenzaprine can be protein-bound, which will therefore have 
to be taken into account in the determinations. Several methods can be used for 

‘breaking the protein bond, such as ultrasonic vibrations and denaturation by 
(fractionated) salt precipitation. Preference has, however, been given to complete 
denaturation with absolute ethanol. The ethanol has a dual function: the denaturation 
of the proteins, and the extraction of cyclobenzaprine. In our recovery studies, pure 
cyclobenzaprine was added to I ml of serum. A mixture of I ml of serum and 4 ml 
of absolute ethanol is shaken on the vibromixer for 2 min, and then heated in a water- 
bath for 30 min at 60”. This results in denaturation and precipitation of serum pro- 
teins. Ethanol is also used as the solvent. After cooling, the ethanol layer is separated 
by centrifuging for 15 min at 3200 r.p.m. Extraction of the residue is repeated once, 

Subsequently, both of the ethanol extracts are concentrated by evaporation 
in a rotary evaporator. The residue is dissolved in 1.0 ml of absolnte ethanol, and 
from this solution aliquots can be applied directly on to the TLC plate. Further 
puriiications are unnecessary because cyclobenzaprine is separated from impurities 
with chloroform-methanol-glacial acetic acid (70 :20 : IO) as eluent. 

Table IV summarizes the results of a series of recovery experiments performed 

TABLE IV 

RECOVl?aRY (%) OF CYCLORENZAX’RINE FROM SERUM ON CONSECUTIVE DAYS 

Day Cyclobenznprine concentration 
(w Per 10 p0 

99 
I - - - 100 

85 

90 
2 - - - 100 

94 

88 - 100 3 - 
96 - 90 

4 - 92 - 94 

5 90 
- 96 

- 100 - 93 

100 - - 

z: 

7 90 
- 

98 - 

TOO 95 98 

Q 98 94 100 88 

Over-all recovery (n = 32) 95.0 & 4.3%. Range = 85-100~~. 
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with concentrations varying from 0.5 to z ,ug per ml of serum. In Fig. 6 the result 
of a recovery experiment is shown in a densitogram. 

The anticipated concentration of cyclobenzaprine in blood from patients under- 
going treatment is most likely to be lower than that mentioned above. Therefore, 
a study was undertaken to demonstrate that lower concentrations can also be mea- 
sured. To 1.0 ml of horse serum was added I ,ug of cyclobenzaprine. After extraction, 
the residue was dissolved in absolute ethanol, and the recoveries are given in Table V. 

These results do suggest that anticipated blood levels (probably between ro 
and roe ng/ml) can be measured. The residue can be dissolved, not in 1.0 ml, but 
in 0.1 ml of absolute ethanol, and/or by using more than I ml of serum and/or spotting 
more than IO ,ul on the TLC plate. 

Fig. G, Donsitogram of different amounts (10-20 ng) of pure cyclobenzaprinc hydrochloride and 
cyclobcnznprinc hydrochloride isolhtcd from serum. 

TABLE V 

RECOVERY OB CYCLOBENZAPRINIS FROM W0RSl.Z SERUM 

Volume of 
ethanol usea? to 

Voluwae ajajajajajajajajajajajajajajajajajajajajlieh Recovery (%) 
on TLC plate 

$isdve residue (pi) 

3.0 IO 100 

0.5 5 86 

0.5 ,5 96 

0.1 I 88 
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METABOLISM OF CYCLOBENZAPRINE 

A study of the two metabolites was performed on a number of samples, while 
amitriptyline and nortriptyline were superficially compared with cyclobenzaprine. 
The separation of these five compotmds on the thin-layer chromatogram was good, 
as can be seen from the Rp values in Table VI. 

TABLE VI , 

Rp VALVES OF CYCLOBENZAPRINE; AMITRIPTYLINE,NORTRIPTYLINE ANDTHEIRMBTABOLITES 

Substance Rp value 

Cyclobcnz,zprine 
Metabolito I 
Mctabolite II 
Amit;ript;yline 
NorLripLyline 

0.51 

0.34 
0.10 
0.57 
0.24 

The eluent system used was ethyl acetate-B-hexane-concentrated ammonia 
(go :10 :IZ). It should be noted that the fluorescence with cyclobenzaprine was 
stronger than that with the other compounds, which is probably caused by the double 
bond between Ci, and C,t. I-Iowever, the’ two possible major metabolites may be 
transformed into cyclobenzaprine and desmethylcyclobenzaprine by boiling an 
acidic solution of the residue for 30 min, rendering them equaliy sensitive to deter- 
mination, 
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