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Cor rec tion of en dog e nous con cen tra tions of tes tos ter one

Ab stract. Aim: Cir cu lat ing con cen tra -
tions of en dog e nous com pounds such as tes -
tos ter one, com pli cate the anal y sis of phar -
macokinetic pa ram e ters when these com -
pounds are ad min is tered ex og e nously. This
study ex am ines the in flu ence of three cor rec -
tion meth ods of ac count ing for en dog e nous
con cen tra tions on the de ter mi na tion of bio -
equivalence be tween two tes tos ter one for mu -
la tions. Meth ods: 12 healthy males re ceived
50 mg TDS®-tes tos ter one, TDS®-pla cebo,
and 50 mg Androgel® in a ran dom ized pla -
cebo con trolled study. Three cor rec tion meth -
ods (1,2 and 3) to re move the in flu ence of en -
dog e nous tes tos ter one from the ex og e nous
blood con cen tra tions data were car ried out
be fore the cal cu la tion of the AUC and Cmax.
The rel a tive bioavailabilities be tween two
treat ments were then per formed for the AUC
and Cmax for all the cor rected and un cor rected
data. Cor rec tion 4 was per formed on the AUC 
and the Cmax val ues and the av er age val ues
were cal cu lated for both ac tive treat ments.
Re sults: The rel a tive bioavailability com par i -
son of the AUC and Cmax, showed that the
TDS®- testosterone and Androgel® was bio -
equivalent by us ing un cor rected data (CI:
93 – 120%; AUC0 – 12 and 88 – 117%; Cmax).
How ever, they were not bioequivalent when
us ing all the cor rec tions data ((Corr. 1; CI:
52 – 106%; AUC0 – 12 and 50 – 258%; Cmax),
(Corr. 2; CI: 71 – 655%; AUC0 – 12 and
87 – 286%; Cmax), (Corr. 3; CI: 67 – 315%;
AUC0 – 12 and 88 – 157%; Cmax)). TDS®-tes -
tos ter one also showed the higher AUC0 – 12

and Cmax com pared to Androgel® for un cor -
rected and all the Cor rec tions 1, 2, 3 and 4.
Con clu sions: Dif fer ent re sults ob tained in the
rel a tive bioavailability be tween TDS®-tes -
tos ter one and Androgel® for un cor rected data 
and cor rected data, sug gests that cor rect ing

en dog e nous con cen tra tions is im por tant for
the proper de ter mi na tion of bioequivalent for
en dog e nous com pounds such as tes tos ter one.

Introduction

Tes tos ter one, an en dog e nous hor mone is

the most im por tant an dro gen se creted into the 

blood by the Leydig cells in the tes tes. In

women, tes tos ter one also is prob a bly the prin -

ci pal an dro gen and is syn the sized both in the

cor pus luteum and the ad re nal cor tex by sim i -

lar path ways [Snyder 2001]. Tes tos ter one de -

fi ciency in men (hypogonadal) is al ways as -

so ci ated with in com plete de vel op ment of

male sex char ac ter is tics. At this stage, tes tos -

ter one re place ment ther apy may be in di cated.

There are a few treat ments cur rently avail able 

to in crease the amount of tes tos ter one in the

sys temic cir cu la tion such as oral and sub -

lingual prep a ra tions [Johnsen et al. 1974,

Stuenkel et al. 1991], trans derm al patches

[Dobs et al. 1999, Korenman et al. 1987], sub -

cu ta ne ous im plants [Handelsmam et al. 1990] 

and also the gel ap pli ca tions [Jocken hovel

2003, Swerdloff et al. 2003]. How ever, the

fact that in ges tion of tes tos ter one is not an ef -

fec tive way to re place tes tos ter one [Snyder

2001] due to first pass me tab o lism, top i cal ap -

pli ca tions of tes tos ter one con tain ing gels and

patches avoid the hepatic ca tab o lism and are

among the more success ful at tempts to de -

liver tes tos ter one systemic ally.
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In the eval u a tion of new drug prep a ra -

tions, a bioequivalence (BE) study in healthy

vol un teers nor mally has to be con ducted in

or der to show that the new prep a ra tion is as

ef fec tive as cur rent prep a ra tions. Guide lines

for the de ter mi na tion of bioequivalence of

phar ma ceu ti cally ac tive for mu la tions are

fully doc u mented by Food and Drug Ad min -

is tra tion (FDA) in the USA [US FDA 2006]

and by the Com mit tee for Pro pri etary Me dic i -

nal Prod ucts (CPMP) for the Eu ro pean Un ion 

[EMEA 2006]. Bioequivalence stud ies com -

pare the rate and ex tent of ab sorp tion for a

new treat ment against that of the ref er ence

prod uct us ing the pa ram e ters of max i mum se -

rum con cen tra tion (Cmax) and area un der the

curve (AUC). For ex og e nously ad min is tered

en dog e nous com pounds, like tes tos ter one,

the com par i son needs to allow for the normal

circulating concentrations of the compound.

The cal cu la tions of AUC and Cmax are

nor mally per formed by the mea sure ment of

blood con cen tra tions time pro files from pre-

 dose (0 h) with zero value of drug con cen tra -

tions up to sev eral hours post-dose with the

con cen tra tions of drug at the last mea sur ing

point ap proach ing zero. How ever, the cir cu -

lat ing con cen tra tions of tes tos ter one, com pli -

cate the anal y sis of pharmacokinetic pa ram e -

ters when this com pound is ad min is tered

ex og e nously. There fore, cor rec tion of the

data to re move the in flu ence of en dog e nous

tes tos ter one is nec es sary to ob tain the con -

cen tra tion of testosterone that is attribut able

to the exogenous source.

Ex cept levothyroxine so dium [US FDA

2006] and po tas sium chlo ride [US FDA

2006], the cur rent BE guide lines of fer no

guid ance on the cor rec tion for the en dog e -

nous con cen tra tions. In this study, we have

dem on strated four ap proaches to the cor rec -

tion for se rum con cen tra tion data for the pres -

ence of en dog e nous con cen tra tions and doc u -

mented how these meth ods in flu enced the

ap par ent bioequivalence of testosterone in

healthy males.

Methods

Study design and treatments

This was a sin gle-dose, ran dom ized, three-

 way cross over study (with 3 treat ments, 3 pe -

ri ods and 6 se quences) with a min i mum of

1 week wash out pe riod be tween each treat -

ment. Twelve healthy males suc cess fully

com pleted the study. The three treat ments

were TDS®-tes tos ter one 50 mg/ml (me tered

pump spray), TDS®-pla cebo (me tered pump

spray), and Androgel® 1% (50 mg/5 g gel).

The dose was ap plied to the left arm and

gently rubbed into the skin. Ap prox i mately 4

ml of blood was col lected at –0.5 and 0 h to

es tab lish a base line mea sure ment of se rum

tes tos ter one con cen tra tion. Sub se quently, se -

rial blood sam ples were col lected at 0.5, 1,

1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 7, 8, 10, 12 and 24 h

post-dose. The se rum con cen tra tions of tes -

tos ter one were an a lyzed us ing ELISA

method. Full de tails of the study are de scribed 

else where [Chik et al. 2006].

Correction methods

Three meth ods of data cor rec tion were

used to sub tract the in flu ence of en dog e nous

con cen tra tions of tes tos ter one from the to tal

con cen tra tion mea sure ments. The area un der

the curve (AUC) and the max i mum con cen -

tra tion Cmax were then cal cu lated from the

data gen er ated in Corrections 1, 2 and 3.

Correction Method 1

The mean pre-dose tes tos ter one con cen -

tra tion (–0.5 and 0 h) was sub tracted from

each tes tos ter one con cen tra tion af ter dos ing

for each sub ject and treatment.

Correction Method 2

The en dog e nous data were mod elled from 

the pla cebo data us ing a poly no mial equa tion

and sub tracted from the mea sured treat ment

val ues. The en dog e nous con cen tra tion ob -

tained for each time point was then sub tracted 

from the anal o gous time point for active

treatments.

Correction Method 3

The con cen tra tions on the pla cebo day

were sub tracted from the ac tive treat ment
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con cen tra tions at the anal o gous time point for 

each subject.

Correction Method 4

The tes tos ter one Cmax and AUC val ues

cal cu lated on the pla cebo day were sub tracted 

from the pa ram e ters cal cu lated from the two

ac tive treat ment days.

Some of the neg a tive val ues gen er ated af -

ter sub trac tion in Cor rec tions 1, 2 and 3 were

con sid ered 0. The se rum tes tos ter one con cen -

tra tions (ng/ml) were then plot ted ver sus

times (h) for un cor rected and Cor rec tions 1, 2

and 3.

Pharmacokinetic and statistical

analysis

Cmax was de ter mined by ob ser va tion and

AUC was cal cu lated us ing the lin ear trap e -

zoidal method. The AUC and Cmax for the un -

cor rected and cor rected data were de ter mined 

from 0 – 12 h data for each treat ment. Anal y -

sis of vari ance (ANOVA) were car ried out on

the log trans formed AUC and Cmax to de ter -

mine the bioequivalence be tween TDS®-

 testosterone and Androgel®. For mu la tions

were con sid ered bioequivalent if the 90%

con fi dence in ter val (CI) of the ra tio, test to

ref er ence, was con tained within 80 to 125%

[US FDA 2006, EMEA 2006, Pabst et al.

1990]. The 0 – 24 h data were only used in

Cor rec tion 2, where the two mod els (0 – 12

and 0 – 24 h) of en dog e nous tes tos ter one

were plot ted. All the sta tis ti cal anal y ses were

car ried out us ing Win Nonlin Pro fes sional

ver. 5.2.1.

Results

Serum testosterone profile

Uncorrected serum testosterone data

The mean tes tos ter one se rum con cen tra -

tion-time pro file for TDS®-tes tos ter one,

TDS®-pla cebo and Androgel® are shown in

Fig ure 1. Higher tes tos ter one con cen tra tion

pro files were ob served for both the ac tive

treat ments com pared to pla cebo. Se rum tes -

tos ter one pro files for TDS®-tes tos ter one and

Androgel® were lower at the pre-dose, and in -

creased af ter the treat ments ap pli ca tion. Both

the ac tive treat ments achieved the high est

con cen tra tion af ter 3 – 4 h post-dose and de -

clined fol low ing the 12 h pe riod. How ever,

TDS®-pla cebo showed the de creased in se -

rum tes tos ter one profile from pre-dose until

the 12 h post-dose.

Correction Method 1

Fol low ing the 12 hours sam pling pe riod,

TDS®-tes tos ter one showed the higher pro file

of tes tos ter one con cen tra tions com pared to

Androgel® and TDS®-pla cebo (Fig ure 2).

Androgel® also showed the small in creased

from 0 up to 2.5 hours and de crease through
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Fig ure 1. Plots of mean se rum tes tos ter one con -

cen tra tion (ng/ml) vs. time (h) for each treat ment

based on un cor rected data.

Fig ure 2. Plot of mean se rum tes tos ter one con -

cen tra tion (ng/ml) vs. time (h) for each treat ment

based on Cor rec tion 1.



out the day to the same level as pla cebo.

TDS®-pla cebo treat ment re mains con stant

and slightly fluc tu ated for the whole sampling 

period.

Correction Method 2

Fig ure 3 shows the tes tos ter one pro file for 

the pla cebo treat ments for 12 sub jects with

the poly no mial re gres sion and equa tion on

se lected sub jects. The plots for TDS®-tes tos -

ter one and Androgel® quite a sim i lar with the

peaks at 3.5 h and 3 h, re spec tively. How ever,

the tes tos ter one con cen tra tions were higher

for TDS®-tes tos ter one com pared to Andro -

gel® for most of the sampling times (Figure

4).

Correction Method 3

The mean se rum tes tos ter one con cen tra -

tions for Androgel® were higher than TDS®-

 testosterone af ter ap pli ca tion up to 3 h, but

de creased dra mat i cally to lower than pre-

 dose value, es pe cially at 12 h post- dose (Fig -

ure 5). The se rum tes tos ter one con cen tra tions 

pro file for TDS®-tes tos ter one were in creased 

af ter ap pli ca tion and peaked at 4 h, be fore de -

creased con stantly through out the day.

All the plots for se rum tes tos ter one con -

cen tra tions (ng/ml) ver sus time (h) based on

un cor rected and Cor rec tion Meth ods 1, 2 and

3 showed the higher tes tos ter one pro file for

TDS®-tes tos ter one than Androgel®.

Bioequivalence and Statistic

The rel a tive bioavailability com par i son of 

the AUC and Cmax for TDS®-tes tos ter one and 

Androgel® are sum ma rized in Ta ble 1 for all

un cor rected, Cor rec tion Meth ods 1, 2 and 3

data. The AUC and Cmax for TDS®-tes tos ter -

one and Androgel® were not bioequivalence

with TDS®-pla cebo us ing the un cor rected

and Cor rec tion Method 1 data. How ever, the

90% CI of the AUC and Cmax for the com par i -

son be tween TDS®-tes tos ter one and Andro -

gel® gave a dif fer ent re sult be tween un cor -

rected and Cor rec tions 1, 2 and 3. TDS®-tes -

tos ter one and Androgel® were found to be

bioequivalent based on un cor rected data, but
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Fig ure 3.  Plots of con cen tra tion vs. time for

TDS®- placebo in 12 sub jects with ex am ples of poly -

no mial re gres sion on se lected lines.

Fig ure 4. Plots of mean se rum tes tos ter one con -

cen tra tion (ng/ml) vs. time (h) for TDS®-tes tos ter -

one and Androgel® based on Cor rec tion 2.

Fig ure 5. Plots of mean se rum tes tos ter one con -

cen tra tion (ng/ml) vs. time (h) for TDS®-tes tos ter -

one and Androgel® based on Cor rec tion 3.



they were not bioequivalent with Cor rec tions

1, 2 and 3.

Ta ble 2 sum ma rizes the per cent age dif fer -

ences of AUC and Cmax be tween TDS®-tes -

tos ter one and Androgel®. The dif fer ences

were lower for un cor rected data com pared to

cor rected data. Within the cor rec tions data,

the larg est dif fer ence was seen in Cor rec tion

Method 1. Sim i larly, the other cor rec tion

meth ods showed higher AUC and Cmax val ues

for TDS®-tes tos ter one com pared to Andro -

gel®. Thus, data cor rected for en dog e nous se -

rum tes tos ter one con cen tra tions showed in -

creased tes tos ter one pro files for TDS®-tes tos -

ter one com pared to Androgel®, with cor rec tion

AUC by 30 to 190% and cor rec tion Cmax by 12

to 55%, de pend ing on the method of cor rec -

tion. ANOVA could not be per formed on Cor -

rec tion Method 4 due to the neg a tive val ues

gen er ated. There fore, only the av er age of

AUC and Cmax were re ported.

Discussion

In this study, we have shown the dif fer ent

out comes in fol low ing fur ther anal y sis of tes -

tos ter one data from the study con ducted in 12

healthy sub jects [Chik et al. 2006]. These

find ings are im por tant for the fu ture de vel op -

ment of TDS®-tes tos ter one or any other de -

liv ery sys tem for en dog e nous com pounds.

There are po ten tial ad van tages and dis ad van -

tages which may in flu ence the accuracy of

each correction method.

The first cor rec tion method (Cor rec tion

Method 1) was based on the as sump tion that

the en dog e nous tes tos ter one level re mains

con stant at all times. There fore, the mean

pre-dose (–0.5 and 0 h) con cen tra tion value
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Ta ble 1. Rel a tive bioavailability (90% CI) for un cor rected and all cor rec tions

data.

Cor rec tion Meth ods
Bioequivalence (90% CI)

AUC0 – 12 Cmax

Un cor rected

Cor rec tion Method 1

Cor rec tion Method 2

Cor rec tion Method 3

93 – 120

52 – 106

71 – 655

67 – 315

88 – 117

50 – 258

87 – 286

88 – 157

Ref er ence: Androgel®.

Ta ble 2. Per cent age dif fer ences (%) in mean AUC and Cmax be tween TDS®-tes tos ter one and Androgel®.

 
Mean value

Per cent age dif fer ences

(TDS-Androgel) (%)

AUC (ng/ml × h) Cmax (ng/ml) AUC (ng/ml.h) Cmax (ng/ml)

Un cor rected 

TDS®-testosterone 61.92 6.63 7.18 1.47

Androgel® 57.77 6.54

Cor rec tion Method 1

TDS®-tes tos ter one 7.47 1.69 190.15 54.90

Androgel® 2.57 1.09

Cor rec tion Method 2

TDS®-tes tos ter one 13.61 2.42 36.37 29.41

Androgel® 9.98 1.87

Cor rec tion Method 3

TDS®-tes tos ter one 13.86 2.88 30.07 16.45

Androgel® 10.65 2.48

Cor rec tion Method 4

TDS®-tes tos ter one 11.15 0.95 59.29 11.76

Androgel® 7.00 0.85



can be used to sub tract the post-dose val ues to 

ob tain the cor rect amount from ex og e nous

administrations. The ad van tage of this method

is that the pre-dose val ues were ob tained ex -

actly be fore the ad min is tra tion of tes tos ter -

one, which can min i mize the pe riod er ror.

How ever, this method also of fers some dis ad -

van tages, as it is known that tes tos ter one se -

cre tion is like wise pulsatile and di ur nal. In

healthy males, re corded plasma tes tos ter one

con cen tra tion is nor mally higher in the morn -

ing, at about 8 a.m. and low est in the eve ning

(~8 p.m.) [Snyder 2001], and also slightly

fluc tu ated over the day and night. This con di -

tion can be seen in the pat tern of mean tes tos -

ter one con cen tra tions from pla cebo treat ment 

in Fig ure 1, which was higher at the be gin -

ning and lower through out the day.

The sec ond cor rec tion (Cor rec tion Me -

thod 2) was based on the in hi bi tion of the go -

nad reg u lat ing cy cle, which can cause the

body to re duce the pro duc tion of tes tos ter one

when its level is too high. Dur ing ex og e nous

ad min is tra tion of tes tos ter one, en dog e nous

tes tos ter one re lease may be in hib ited through

feed back in hi bi tion of pi tu itary luteinizing

hor mone (LH), re sult ing in de clin ing lev els

of tes tos ter one. Cor rec tion Method 2 may

 offer a slight ad van tage over Cor rec tion

Method 1, as the av er age level of tes tos ter one

pro duc tion can be es ti mated through the best

fit of poly no mial re gres sion the pla cebo mod -

elled data. These data can, there fore be ac -

cepted as an av er age en dog e nous level of tes -

tos ter one on that par tic u lar sub ject. How ever, 

the in hi bi tion of en dog e nous tes tos ter one

pro duc tions may only hap pen with large

doses of ex og e nously ad min is tered tes tos ter -

one. No data were avail able to date to sug gest

the ex act amount of tes tos ter one that can in -

hibit the pro duc tion of tes tos ter one. As sum -

ing the di ur nal vari a tion of tes tos ter one as ex -

plained pre vi ously, Correction 1 and 2 have a

sim i lar dis ad van tage.

The third method of cor rec tion (Cor rec -

tion Method 3), by as sum ing the anal o gous

pla cebo data as en dog e nous level of tes tos ter -

one can of fer more ad van tages over the first

two meth ods. Sub trac tion of the treat ment

val ues at the anal o gous time points of the pla -

cebo can over come the di ur nal vari a tion as

the above two meth ods did not. How ever, this

method may has dis ad van tages as the anal o -

gous pla cebo val ues, which ob tained in dif -

fer ent pe riod may not rep re sented the en dog -

e nous tes tos ter one level on the day of the ac -

tive treat ments ad min is tered. This can be ex -

plained by the high variability in the pre-dose

tes tos ter one con cen tra tion val ues (0 h). As

man i fest by the within sub ject co ef fi cient of

vari a tion (CV) of the C0 val ues which ranged

from 1.4 to 28.2 %. The study by Andersson

and co-work ers [Andersson et al. 2003] also

sug gested that there was vari abil ity in the tes -

tos ter one lev els from month to month. To

mini mize this er ror, pla cebo treat ment may

need to be con ducted a day be fore the ac tive

treat ment is given. Con sid er ing all the out -

comes and the re sults ob tained in this anal y -

sis, dif fer ent per spec tives of stud ies need to

be con ducted in or der to find the most ac cu -

rate method that can be ac cepted for the

bioequivalent as sess ment of en dog e nous

com pounds such as tes tos ter one. These find -

ings can give an in sight into bio equivalence

assessment on the fu ture de vel op ment of ex og -

e nously ad min is tered en dog e nous com pounds.

The au thors of this pa per also hope to have

given valu able guide lines in the con duct

of the bioequivalence study of en dog e nous

com pound.

Conclusion

Dif fer ent re sults ob tained in the rel a tive

bioavailability be tween TDS®-tes tos ter one

and Androgel® for un cor rected data and cor -

rected data, sug gest that cor rect ing en dog e -

nous con cen tra tions is im por tant for the

proper de ter mi na tion of bioequivalent for en -

dog e nous com pound such as tes tos ter one.

With out en dog e nous data cor rec tions, an in -

cor rect con clu sion about bioequivalence may 

re sult with prod ucts be ing de clared bio -

equivalent when they were ac tu ally not bio -

equivalent or vice versa. TDS®-tes tos ter one

also showed su pe ri or ity com pared to Andro -

gel® with data corrections.
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