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Dis tri bu tion of IM hCG to the CSF in male vol un teers

Ab stract. The cur rent study was de signed 
to com pare blood and cerebrospinal fluid
(CSF) pharmacokinetic char ac ter is tics of two 
forms of hu man cho ri onic go nad o tro pin
(hCG): Pregnyl®, de rived from hu man urine,
and Ovitrelle® a re com bi nant form. Two sep -
a rate groups, each with six older male hu man
sub jects, were dosed with ei ther form of the
drug at 10,000 IU intra mus cu larly (IM), and
fol lowed over a 36-hour pe riod. No sig nif i -
cant dif fer ence in the se rum level of hCG was
ob served for ei ther prep a ra tion of hCG (Peak
se rum conc.: 316 ± 53 vs. 270 ± 60 at 12
hours, 311 ± 38 vs. 321 ± 60 IU/l at 24 hours;
AUC: 10,053 ± 1,268 vs. 8,793 ± 1,768,
Pregnyl and Ovitrelle, mean ± SD, re spec -
tively). Ad di tion ally, both forms of cir cu lat -
ing hCG dis trib uted to the cen tral ner vous
sys tem (CNS) as man i fest by an in creased
num ber of sub jects whose CSF sam ples
showed de tect able lev els of hCG in their CSF
over a 36-hour pe riod. Sim i larly, there was no 
sig nif i cant dif fer ence be tween the two forms
when dis tri bu tion to the CSF was com pared at 
36 hours (2.0 and 1.2 IU/l; range 1.9 – 2.1 and
1 – 1.4 IU/l for Pregnyl and Ovitrelle, resp.).
This pre lim i nary study in nor mal hu man vol -
un teers sug gests that the two forms of hCG
tested, Ovitrelle® and Pregnyl®, when ad min -
is tered IM, dis trib ute in a sim i lar fash ion into
the cir cu la tion and CSF. Con se quently, we
con clude that these two drugs dem on strate no
sta tis ti cal sig nif i cant dif fer ence with re spect
to the CSF.

Introduction

Hu man cho ri onic go nad o tro pin (hCG) is

a nat u rally oc cur ring polypeptide hor mone

pro duced by the hu man pla centa. It is de tect -

ible in se rum rang ing from > 2 IU/l in healthy

fe male hu mans to con cen tra tions > 40,000

IU/l [Braunstein et al. 1976] or more in the

first tri mes ter of preg nancy. As a com mer -

cially avail able ther a peu tic agent, hCG has

two ap proved classes of use, the most com -

mon of which is for the in duc tion of ovu la -

tion, while the most com mon sec ond ary uses

are for the treat ment of prepubertal cryp tor -

chi dism and se lected cases of hypogonado -

tropic hypo gonadism in the male. The two

com mer cially avail able forms of hCG: urine-

 derived Preg nyl®, man u fac tured by Azko-

 Nobel, Arnhem, The Neth er lands, and the re -

com bi nant form, Ovitrelle®, man u fac tured by 

Serono, Geneva, Swit zer land, are con sid ered

sim i lar for these classes of use. Typ i cally the

two forms of hCG are ad min is tered by ei ther

IM or sub cu ta ne ous in jec tion, and dis trib ute

to the se rum rap idly. In an i mals, hCG has

been re ported to dis trib ute to CSF [Lukacs et

al. 1995]. In sev eral spe cies, hCG can be de -

tected in CSF. While it has been re ported that

urine-de rived hCG and re com bi nant hCG

dem on strate sim i lar tem po ral dis tri bu tion

into the se rum of rats when ad min is tered

intra muscularly, dif fer ences in mo lec u lar

struc ture of these two forms of hCG, as well

as, pep tide im pu ri ties in the urine-de rived

hCG, do not im ply sim i lar pas sage across the

blood-brain bar rier in man. Thus, a com par i -

son of CSF pharmacokinetics would per mit

the se lec tion of a pref er a ble form of hCG for

de vel op ment of ther a pies aimed at driv ing re -

cov ery af ter neu ro log i cal in jury.

Sev eral re gions of the brain known to be

en riched with pop u la tions of stem cells ex -

press re cep tors for luteinizing hor mone/hCG

[AL-Hader et al. 1997, Lei et al. 1993], sug -

gest ing that hCG sig nal ing oc curs within se -

lect seg ments of the brain al though the phys i -

o logic ef fect is largely un known. Prior to this
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study, we con ducted pre-clin i cal stud ies to

dem on strate that a drug sched ul ing pro to col,

de signed to ad min is ter a neu ral stem cell

proliferative agent (hCG: 300 IU/day 1, 3, 5

fol low ing stroke on set; S.C.) fol lowed by a

neu ral stem cell dif fer en ti at ing agent (eryth -

ro poi e tin-EPO: 1,440 IU/day 7, 8, 9 fol low -

ing stroke on set; I.V.), can act as an ef fec tive

ther apy to sig nif i cantly re store or re gen er ate

mo tor func tion re cov ery af ter mid dle ce re bral 

ar tery oc clu sion (MCAo) stroke in rats

[Belayev et al. 2007]. Ef fi cient trans la tion of

these re sults into the clin i cal set ting in re -

quires an un der stand ing of the com pa ra ble

se rum and CSF pharmacokinetics of the two

commercially available forms of IM-de liv -

ered hCG in humans.

To our knowl edge, char ac ter iza tion of sys -

tem i cally ad min is tered hCG, the pharma -

cokinetics of hCG trans port into the se rum

then CSF has not been pre vi ously pub lished

in healthy hu man male vol un teers. Sim i larly,

quan ti ta tive anal y ses of hCG con cen tra tions

in CSF have not pre vi ously been val i dated, or

published. The pri mary aim of this study was

to dem on strate that sys tem i cally ad min is -

tered hCG achieves rel e vant con cen tra tions

in the CSF, un der stand the se rum and CSF

pharmacokinetics of the two avail able forms

of hCG in healthy vol un teers, and sec ond arily 

to ex am ine is sues of as say va lid ity. This study 

de scribes two new sets of find ings. First, we

re port here the pharmacokinetic prop er ties of

IM ad min is tered hCG into se rum, pas sage of

the two forms of com mer cially avail able

forms of hCG into the cen tral ner vous sys tem

(CNS), and the tem po ral dis tri bu tion and con -

cen tra tion of hCG in se rum and CSF. Sec ond,

we de scribe ini tial steps to wards val i dat ing a

method for an a lyz ing hCG in hu man CSF

sam ples.

Materials and methods

Study design

Study objectives

The pri mary ob jec tive of the study was to

char ac ter ize the pharmacokinetic pro file of a

sin gle IM dose of hCG in clud ing ex am i na tion 

of the abil ity of IM-ad min is tered hCG to pen -

e trate into, and dis trib ute within the CNS, in

healthy male vol un teers, based on a dose

allometrically scaled from an i mal mod els.

Two dif fer ent man u fac tur ers’ hCG prod ucts

were eval u ated. The trial de sign was an open

label pharmacokinetic study.

The pri mary end points were in di vid ual

se rum hCG pro files, which in clude mean se -

rum hCG con cen tra tions as mea sured at 1, 2,

4, 8, 12, 24 and 36 hours post-dose, Cmax, tmax, 

half-life and area un der the curve (AUC), and

CSF hCG con cen tra tion at 12, 24 and 36

hours post-dose.

One sec ond ary ob jec tive was to mon i tor

hCG safety for the dos ing em ployed, us ing

vi tal signs, weight, and ad verse event (AE)

re port ing. An ad di tional sec ond ary ob jec tive

was to val i date the CSF hCG assay.

Selection of study population

Prior to the start of the study, In sti tu tional

Eth ics Com mit tee ap proval was ob tained on

the fol low ing doc u ments: the study pro to col,

writ ten sub ject in for ma tion, sub ject con sent

form and ad ver tise ments for sub ject re cruit -

ment. The study was con ducted at the Phase I

clinic by Medicon, Den mark and sub jects

were re cruited from the re search unit’s vol un -

teer da ta base via phone con tact as well as

through ad ver tise ments. In formed con sent

was ob tained prior to per form ing any screen -

ing ex am i na tions. Screen ing ex am i na tions

in cluded a med i cal his tory, uri nary drug

screen, se rol ogy and hCG test ing. Fol low ing

screen ing, those sub jects de ter mined to be el -

i gi ble for the study were asked to come to the

clinic on Day –1 for the ad mis sion pe riod of

the study. The study in life pe riod was 2 days,

and sub jects were re ceived a phys i cal exam

and ad verse event ques tion naire at 7 days post 

dose. An ar bi trary vol un teer age range of

40 – 75 was se lected as these are adults who

are potential stroke victims and therefore

poten tial candidates.

In clu sion cri te ria: Healthy males; age

range 40 – 75, in clu sive; men tal com pe tence

suf fi cient to pro vide in formed con sent; nor -

mal platelet count.

Ex clu sion cri te ria: hCG > 1 × SD greater

than nor mal dis tri bu tion at screen ing; head -

ache within prior 7 days be fore study Day 1;

his tory of head ache > 2 two ep i sodes per

week within the last 12 months; his tory of mi -
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graine head aches or post-lum bar punc ture

head ache; chronic skin dis ease or lo cal skin

in fec tion at the punc ture site; INR > 1.5 or ac -

tive thromboembolic dis or der; any sign of in -

creased intracranial pres sure, eval u ated us ing 

an oph thal mo scope; sys temic in fec tion with -

in the last 14 days prior to study Day 1; his tory 

of cardiovascular dis ease, chorio carcinoma,

germ cell tu mors (testicular can cer, seminoma, 

teratoma, dysgerminoma, and non- semino -

matous germ cell tu mor), blad der can cer, re -

nal can cer, pros tate can cer, gas tro in tes ti nal

can cer (biliary, pan cre atic, gas tric, liver, and

colorectal can cers), neuro endo crine tu mor

(carcinoid tu mor, pi tu itary tu mor, somato -

troph adenoma), lung can cer, breast can cer,

head and neck can cer, he ma to log i cal can cer

such as lym phoma; his tory of ma jor psy chi at -

ric dis ease; current al co hol or drug abuse;

known and re corded his tory of dis ease re sult -

ing in in creased hCG lev els, within 18 months

prior to screen ing; or a hy per sen si tiv ity to the

ac tive sub stance or to any of the ex cipi ents.

Treatments allocated, dosed and

administered

Sub jects were as signed to each group se -

quen tially, in or der of their place on the

screen ing list (i.e. first 6 el i gi ble sub jects on

the screen ing log and who were able to par tic -

i pate were al lo cated to Group 1 and re ceived

Pregnyl® and the next 6 el i gi ble sub jects were 

allocated to Group 2 and re ceived Ovitrelle®).

Sub jects were in cluded in the study if they

were still el i gi ble on Day 1; oth er wise, a re -

place ment was sought among other el i gi ble

sub jects on the screen ing list.

Thus 2 groups of 6 sub jects re ceived ei -

ther one IM in jec tion of hCG: i) Pregnyl®

10,000 IU, hu man cho ri onic go nad o tro pin, a

so lu tion re con sti tuted from lyophilized pow -

der or ii) Ovitrelle® 10, 000 IU, cho ri onic go -

nad o tro pin-a, so lu tion for in jec tion. To tal

Study size is n = 12.

Patient samples for

pharmacokinetics

Blood sam ples were col lected (8 blood

sam ples/sub ject) pre-dose, 1, 2, 4, 8, 12, 24

and 36 hours post dose. Cerebrospinal fluid

sam pling: (3-3 ml sam ples/sub ject) were col -

lected us ing lum bar punc ture 12, 24 and 36

hours post dose.

Prior and concomitant therapy

Con com i tant med i ca tion was de fined as

all med i ca tion given in ad di tion to the trial

treat ment dur ing the trial. As a part of the

lum bar punc tures, the sub jects were of fered

lo cal an es the sia, which was not re corded as

con com i tant medication.

Safety measurements

The safety pa ram e ters mea sured were

AEs, vi tal signs (blood pres sure, pulse rate

and body tem per a ture), 12-lead ECG, clin i cal

lab o ra tory eval u a tions, body weight, and

phys i cal examination.

Validation of enhanced

chemiluminescent immunometric

assay for determination of hCG

in CSF samples

The par tial val i da tion ex per i ments were

de signed to eval u ate the suit abil ity of the an a -

lyt i cal method for de ter min ing hCG con cen -

tra tion in CSF sam ples. The Immulite method 

is al ready val i dated for anal y sis of se rum and

urine sam ples (Bio-Rad, Den mark). There -

fore, the pur pose of the val i da tion set of ex -

per i ments was to de ter mine whether there are

any ma trix dif fer ences be tween CSF and se -

rum sam ples. In or der to ac com plish this,

com par i son of the re sults from an a lyz ing the

two dif fer ent sam ple ma tri ces (serum and

CSF) for hCG concentrations were per -

formed.

The de ter mi na tion of the hCG con cen tra -

tion was per formed us ing a solid-phase, two-

 site au to mated en zyme en hanced chemi -

luminescent immunometric as say sys tem, all

work was con ducted at Capio Di ag nos tic,

Den mark, as de scribed be low. Cal i bra tion of

the an a lyt i cal sys tem was per formed by use of 

a stored mas ter cal i bra tion curve which is ad -

justed at set in ter vals with bi-level ad jus tors.

Ac cor dance with the mas ter curve is cal cu -

lated by lin ear re gres sion. Se rum test sam ples

(Seronorm Immunoassay L-2, Nor way) and
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CSF sam ples were ob tained from Sero A/S,

Nor way, and test CSF sam ple and se rum test

sam ples were an a lyzed in di lu tion in du pli -

cate ex per i ments, LLOQ/de tec tion limit

~ 1 IU/l. A LKCG hCG re agent kit was used

for de tec tion on LLOQ. For QC sam ples a

Bio-Rad Lyphochek Plus Level 1 and 2 (Bio-

 Rad Laboratories, Denmark) was used.

A to tal of four CSF sam ples (de noted at A, 

B, C and D) were col lected for the val i da tion

of the as say. Sam ples were iden ti fied by the

birth year and let ter for sex of each sub ject.

All sam ples were kept in low tem per a ture

freez ers (–70 °C) un til anal y sis and re turned

there following analysis.

The CSF test sam ple and se rum test sam -

ple were an a lyzed in di lu tion in du pli cate ex -

per i ments (an a lyz ing the sam ples twice on

con sec u tive days) to ef fi ciently use sample

materials.

CSF sam ples were mixed 1:5 with com -

mer cial ref er ence ma te rial to a con cen tra tion

of ap prox i mately 100 IU/l and this mix ture

was ap prox i mately 20% se rum, which is rea -

son able to main tain the CSF ma trix. The se -

rum ref er ence ma te rial was also di luted with a 

di lu tion re agent 1:5 to pro duce a test sam ple

with the same con cen tra tion as the test CSF

sam ple. Both the CSF and se rum test sam ples

were be se ri ally di luted with a di lut ing re -

agent (1 + 1, 1 + 2, 1 + 3, 1 + 4, 1 + 5) in

duplicate.

To eval u ate the as say per for mance, qual -

ity con trol sam ples were an a lyzed with all

sam ples in the val i da tion. The se rum ref er -

ence ma te rial was an a lyzed in all an a lyt i cal

se ries to ver ify tar get value and un cer tainty

(im pre ci sion). The three other CSF sam ples

(B, C, D) were an a lyzed in all an a lyt i cal se ries 

dur ing val i da tion to ver ify re peat abil ity and

reproducibility of CSF sam ple results were

comparable to serum samples.

CSF test sam ples were pre pared and an a -

lyzed as fol lows. CSF test sam ple A: CSF test

sam ple A 100 ml + 100 ml di lut ing re agent

(LCGZ di lu tion re agent, Sero A/S, Nor way);

CSF test sam ple 100 ml + 200 ml  di lut ing re -

agent; CSF test sam ple 50 ml + 150 ml di lut ing

re agent; CSF test sam ple 50 ml + 200 ml di lut -

ing re agent; CSF test sam ple 50 ml + 250 ml

di lut ing re agent; serum QC sam ple (re peat

anal y sis); CSF sam ple B (re peat anal y sis);

CSF C (re peat anal y sis); CSF sam ple D (re -

peat anal y sis). The CSF sam ples A, B, C and

D were an a lyzed ini tially to de ter mine ini tial

con cen tra tion of hCG in sam ples.

Se rum test sam ples were pre pared and an -

a lyzed as fol lows. Se rum test sam ple A: se -

rum test sam ple A 100 ml + 100 ml di lut ing re -

agent; se rum test sam ple 100 ml + 200 ml

di lut ing re agent; se rum test sam ple 50 ml +

150 ml di lut ing re agent; se rum test sam ple 50

ml + 200 ml di lut ing re agent; se rum test sam -

ple 50 ml + 250 ml di lut ing re agent; se rum QC

sam ple ( re peat anal y sis); CSF sam ple B (re -

peat anal y sis); CSF C (re peat anal y sis); CSF

sam ple D (re peat anal y sis). The prep a ra tion

of CSF test sam ple A: 

CSF sam ple A – 400 µl

Seronorm Immunoassay L-2 N03542 – 100 µl

Prep a ra tion of serum test sam ple: hCG di lu tion

re agent – 400 µl

Seronorm Immunoassay L-2 N03542 – 100 µl

The lin ear ity, cor re la tion, and re cov ery of

hCG were cal cu lated both for the CSF test

sam ple and for the se rum ref er ence ma te rial.

For re peat anal y ses, stan dard de vi a tion and

co ef fi cient of vari a tion were calculated.

The ac cep tance cri te rion for the co ef fi -

cient of cor re la tion was set at > 0.95 for se rum 

and CSF test sam ples. In ad di tion, the slope of 

the lin ear re gres sion curve for se rum and CSF 

upon com par i son must show that CSF does

not dif fer by more than 20% from the serum

slope.

Fi nally, re cov ery of hCG from the CSF

and se rum-di luted ma tri ces was cal cu lated

both for the CSF and se rum test sam ple and

the value was ex pected to be within 25%, i.e.

75 – 125% of the ex pected hCG con cen tra -

tion.

hCG quantification: drug

concentration and endpoint

measurements

De ter mi na tion of hCG con cen tra tion was

per formed us ing a solid-phase, two-site au to -

mated en zyme-en hanced chemiluminescent

immunometric as say (man u fac tured by Di ag -

nos tic Prod uct Cor po ra tion-DPC). The sam -

ples (se rum or CSF) were in tro duced into a

sam pling cup con tain ing a solid-phase (poly -

sty rene bead) coated with monoclonal murine 

anti-hCG an ti body. Al ka line phosphatase

con ju gated to polyclonal ovine anti-hCG was
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added and hCG in the sam ple was bound in an 

an ti body sand wich com plex. Ex cess sam ple

ma te rial and re agent were re moved by

centrifugation. Chemiluminescent sub strate

was added and the fol low ing re ac tion led to

the emis sion of light of an in ten sity that was

di rectly pro por tional with the amount of hCG

in the sam ple. Val i da tion of this tech nique

was per formed to de ter mine if there were any

ma trix dif fer ences in CSF com pared to se rum

that may have an ef fect on ac cu rate de ter mi -

na tion of hCG concentration. The validation

protocol is detailed above.

Data quality assurance

All as says used to mea sure drug con cen -

tra tion and safety lab o ra tory anal y ses were

per formed us ing val i dated as says. All blood

and CSF sam ples taken dur ing the study were

an a lyzed at the same lab o ra tory, us ing the

same as says. Both par tial val i da tion of hCG

test ing in hu man CSF and test ing of hu man

CSF sam ples were con ducted at Capio Diag -

nostic a.s. Laboratories in Copenhagen, Den -

mark.

Data sets analyzed

Three anal y sis sets were de fined for this

study, the In ten tion to treat (ITT); Per Pro to -

col (PP). Anal y sis sets were iden ti cal all

analyses.

Statistics

Through out the anal y ses, an a = 0.05 was

used, un less oth er wise spec i fied, with out cor -

rec tion for mul ti ple com par i sons. In all anal y -

ses the null hy poth e sis was that the two hCG

treat ments were equal, as op posed to the al -

ter na tive hy poth e sis that they dif fered.

All sub jects were in the PP analysis set

and as such only the ITT anal y sis was used.

To ac com plish the pri mary ob jec tive of

the study – char ac ter iza tion of the pharmaco -

kinetics of hCG – the fol low ing anal y ses were 

employed:

AUC cal cu lated on the ba sis of the in di -

vid ual se rum hCG con cen tra tion pro files.

AUC was cal cu lated by the trap e zoid method, 

as the elim i na tion phase was not reached

(Fig ures 1, 2).

The mean AUC for the two prod ucts was

sum ma rized by mean and stan dard de vi a tion.

The two means were com pared by a two-sam -

ple t-test un der the as sump tion that the data

were nor mally dis trib uted. Sec ond arily, a

Wilcoxon two-sam ple test was performed.

The CSF hCG con cen tra tions for both

prod ucts were to be sum ma rized at each time

point by mean and stan dard de vi a tion. The

two prod ucts were to be com pared at each

time point by a two-sam ple t-test un der the as -

sump tion that the data were nor mally dis trib -

uted. A Wilcoxon two-sam ple test was also

per formed. How ever, given the ob ser va tion

that too few de tect able hCG mea sure ments

ex ist, de ter min ing the fre quency of de tect ing

hCG or not, was made the main descriptor,

rather than hCG con cen tra tion lev els. As

such, the test was changed from a t-test/Wil -

coxon two-sam ple test to a Fisher’s ex act test, 

appropriate for evaluating proportions.

The sam ple size for this study was based

upon pre ce dent set by other Phase 1 stud ies of 

a sim i lar na ture rather than any for mal power

cal cu la tions.

Results and discussion

Disposition of subjects and

protocol deviations

All 12 sub jects com pleted the trial, and all

12 sub jects are in the per pro to col anal y sis

set. As the ITT, PP and safety anal y sis sets

were iden ti cal, the word ing ITT anal y sis set is 

used con sis tently for all anal y ses. Over all,

there were two pro to col de vi a tions in the

study in which two CSF sam ples were not

taken, one be cause it was not pos si ble to gain

ac cess to the CSF and one sub ject did not

want to have the CSF sam ple taken. No sig -

nif i cant pro to col vi o la tions oc curred.

Demographics and other

baseline characteristics

There was no in di ca tion in the de mo -

graphic or base line data to sug gest any source

of im bal ance be tween the two treat ment
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groups, al though the mean age in the Pregnyl

treat ment group showed a trend to be higher

than in the Ovitrelle treat ment group. All pa -

tients were Cau ca sian males with a sim i lar

body mass in dex.

PK evaluation

Serum hCG concentration profiles

The re sults of the mean se rum hCG con -

cen tra tion and in di vid ual se rum hCG con cen -

tra tion pro files mea sured af ter tak ing pa tient

sam ples at 1, 2, 4, 8, 12, 24 and 36 hours

post-dose (Pregnyl or Ovitrelle) can be seen

in Figure 1.

No sta tis ti cal dif fer ence be tween the two

treat ment groups can be seen in Fig ure 1, al -

though the mean se rum hCG con cen tra tion of

Pregnyl lies above the mean se rum hCG con -

cen tra tion of Ovitrelle dur ing the first 24

hours. This is also re flected in the in di vid ual

pro files (not shown). Here it is clear that there

is no dif fer ence be tween the two groups when 

Cmax is com pared but the data also sug gests

that hCG seems to be lower in sub jects treated 

with Ovitrelle than Pregnyl dur ing the first 24

hours af ter drug ad min is tra tion. No sig nif i -

cant dif fer ence was ob served when se rum

lev els of hCG were com pared for ei ther prep -

a ra tion of hCG (Peak se rum conc.: 3.16 ×

10(2) ± 5.30 × 10 vs. 2.70 × 10(2) ± 6.00 × 10

at 12 hours, 3.11 × 10(2) ± 3.80 × 10 vs. 3.21 × 

10(2) ± 6.00 × 10 IU/l at 24 hours (t-test; p =

0.81); Pregnyl and Ovitrelle, mean ± SD,

respectively).

Com par i son of the mean AUC be tween

groups was not sta tis ti cally dif fer ent 1.01 ×

10(4) ± 1.27 × 10(3) vs. 8.79 × 10(3) ± 1.77 ×

10(3) (T-test; Wilcoxon rank sum test, p value 

= 0.19 and 0.18, resp.), me dian AUC was

1.04 × 10(4) vs. 8.81 × 10(3) and the min- max 

range was 7.90 × 10(3) –1.176 × 10(4) vs.

6.45 × 10(3) –1.15 × 10(4) for Pregnyl vs.

Ovitrelle, re spec tively. Thus, there is no sta -

tis ti cal dif fer ence in the AUC when the two

treat ment groups were com pared al though

treat ment dif fer ences in in di vid ual pro files

can also be seen in the AUCs. The ex po sure to 

hCG seems to be lower for sub jects treated

with Ovitrelle, but the ap par ent dif fer ence is

not sta tis ti cally sig nif i cant as indicated by

either p value

Partial validation results

The mean co ef fi cients of cor re la tion from

the per formed ex per i ments were 1.0 × 10 (–1) 

for CSF and 1.0 × 10 (–1) for se rum, re spec -

tively. The mean slopes of the lin ear re gres -
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Fig ure 1. Mean plasma hCG con cen tra tion and

s.e.m. of 10,000 IU hCG ad min is tered intra mus cu -

larly caused com pa ra ble in creases in the plasma of

6 pa tients who re ceived Ovitrelle and in 6 pa tients

that re ceived hCG. Pa tients that re ceived hCG

showed ear lier in creases in plasma hCG com pared

to those pa tients that re ceived Ovitrelle at 1, 2, 4 and 

8 hours af ter the ini tial dose, there af ter plasma con -

cen tra tions were equiv a lent. It is no ta ble that

plasma AUC was equal for these two forms of hCG.

Fig ure 2. The fre quency with which hCG could be

de tected in the CSF of pa tients at 12, 24 and 36

hours af ter a sin gle, in tra mus cu lar, 10,000 IU dose

of hCG. hCG Ovitrelle (n = 6) or hCG Pregnyl (n = 6)

was ad min is tered at time 0, sam ples of cere bro -

spinal fluid were taken at three time points and CSF

con cen tra tions of hCG were noted with in creas ing

fre quency at 36 hours com pared to 12. Pregnyl ad -

min is tra tion re sulted in ear lier and more in di vid u als

with de tect able CSF hCG than Ovitrelle.



sion line were 1.13 for CSF and 1.15 for se -

rum – a dif fer ence of –1.9% be tween the

slopes cal cu lated rel a tive to the slope of the

se rum lin ear re gres sion. The di lu tion of the

CSF and se rum test sam ples show ma tri ces

that have complete commutability.

For a sum mary of plasma and CSF phar -

ma cokinetic data for Pregnyl and Ovitrelle,

see Ta ble 1.

CSF hCG concentration

determination

There is clear ten dency over time whereby

sam ples transitioned from be ing non- detect -

able to wards hav ing a mea sur able level.

There is a clear ten dency to ward in creased

CSF hCG con cen tra tion over time as sam ples

transitioned from be ing non-de tect able to -

wards show ing masurable lev els of hCG. For

the other four sub jects in this group, the lev els 

went from be ing non-de tect able at the first

time point to be ing to de tect able at a later

time. The mea sur able lev els in this group

were within the range 1.0 – 1.4 IU/l. In the

Pregnyl group three sub jects had non-de tect -

able lev els at all time points. Also in this

group the lev els went from be ing non-de tect -

able at the first time point to be ing to de tect -

able at the later time points. The lev els of hCG 

mea sured in the CSF in this group were

within the range 1.3 – 2.1 IU/l.

Fig ure 2 shows the per cent ages of de tect -

able hCG in CSF sam ples at each time point

for both Pregnyl and Ovitrelle. Sub ject sam -

ple size was 6 sub jects for ITT anal y sis for

both Pregnyl and Ovitrelle treated. CSF hCG

was de tected in 1 of 5 or 1 in 6 in di vid u als

treated with Pregnyl or Ovitrelle at Day 1 –

sam pled 12 hours af ter hCG ad min is tra tion,

re spec tively; Fisher’s ex act test p > 0.99. At

24 hours post dose, hCG was de tected in 2 in 6 

and 3 in 6 in di vid u als treated with Pregnyl or

Ovitrelle; Fisher’s ex act test p > 0.99. 36

hours post dose, hCG was de tected in 3 in 6

and 4 in 5 sub jects CSF; Fisher’s ex act test p = 

0.55. Al though this study was con ducted in

healthy male vol un teers, it is well-known that

blood-brain bar rier per me abil ity may in -

crease af ter neu ro log i cal in jury and thus,

even higher CSF and intraparenchymal lev els 

might be an tic i pated us ing this dose of hCG.

Safety evaluation

Over all, there ap peared to be more sub -

jects hav ing treat ment emer gent ad verse

events in the Pregnyl treat ment group than in

the Ovitrelle treat ment group and this was

also re flected in the num ber of treat ment ad -

verse events. There were no drug-re lated ad -

verse events, and only one event was clas si -

fied as both se vere and se ri ous. The se ri ous

event was a head ache, and de ter mined to have 

no re la tion to the in ves ti ga tional prod uct.

This se ri ous ad verse event oc curred in the

Pregnyl treatment group.

Discussion of serum hCG and

CSF hCG PK data

No clear dif fer ence be tween the two hCG

treat ments was ap par ent for the se rum hCG

con cen tra tion. A trend to wards early higher

con cen tra tions of se rum hCG was noted in

Pregnyl-treated sub jects dur ing the first 24

hours, as com pared to Ovitrelle-treated sub -

jects, but did not reach sig nif i cance, though

this fact might in part be in flu enced by small

sam ple size and thus power. The same per -

tains to the AUC, which was higher for

Pregnyl-treated sub jects but again this dif fer -

ence also did not reach significance.
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Ta ble 1. Plasma and CSF pharmacokinetic data for a sin gle 10,000 IU in tra -

mus cu lar dose of Pregnyl or Ovitrelle.

Pregnyl (n = 6) Ovitrelle (n = 6)

Se rum pharmacokinetic pa ram e ters 

Cmax (IU/l) 3.16 × 10(2) ±

5.30 × 10

3.21 × 10(2) ±

6.00 × 10

tmax (h) 12 24

Half-life (h) NA NA

*AUC (IU ´ h/l) 1.01 × 10(4) ±

1.27 × 10(3)

8.79 × 10(3) ±

1.77 × 10(3)

CSF pharmacokinetic pa ram e ters 

CSF con cen tra tion (IU/l) 1.3 – 2.1 1.0 – 1.4

Cmax (IU/l) NA NA

tmax (h) NA NA

Half-life (h) NA NA

AUC (IU ´ h/l) NA NA

*t-test, Wilcoxon rank sum test; p value is 0.19 and 0.18, re spec tively. NA = not

avail able; values are mean ± SD.



It is gen er ally ac cepted that the physico -

chemical, im mu no log i cal, and bi o log i cal ac -

tiv i ties of re com bi nant hCG are com pa ra ble

to those of pla cen tal and hu man preg nancy

urine-de rived hCG [EMD Serono Inc. 2008].

One can spec u late that higher hCG con -

cen tra tions in sub jects who re ceived Pregnyl

com pared to Ovitrelle dur ing the first 24

hours could be re lated to a key dif fer ence in

the struc ture of the two mol e cules. While,

both urine-de rived and re com bi nant hCG

(r-hCG) share iden ti cal amino acid se -

quences, the lat ter is ex pressed in Chi nese

ham ster ovary cells. At least one pre vi ous

study has de scribed that while the glycoform

pat tern of the a-sub unit of r-hCG is closely

com pa ra ble to uri nary-de rived hCG (u-hCG), 

the struc tural dif fer ences be tween the two

forms of hCG are mainly due to the branch ing 

and sialylation ex tent of the oli go sac cha rides. 

The b-chain of hCG pos sesses both O- and N- 

glycosylation sites and its struc ture and

glycosylation pat tern are also very sim i lar to

that of u-hCG [EMD Serono Inc. 2008].

Hence, the sim plest ex pla na tion for the early

ob served dif fer ence in the se rum hCG ab -

sorp tion might best be ex plained by dif fer -

ences in glycosylation and sialylation dif fer -

ences be tween the struc ture of these two

forms of hCG.

The lack of a sta tis ti cally sig nif i cant dif -

fer ence ob served for se rum hCG con cen tra -

tion was also re flected in the CSF hCG con -

cen tra tion. A larger sam ple size may have

per mit ted dem on stra tion of a sta tis ti cal dif -

fer ence in CSF hCG con cen tra tion at each of

the time points, for ex am ple at 36 hours when

80% of the Ovitrelle ver sus 50% sug gests a

trend in di cat ing a dif fer ence. Note that only

14 out of the 34 CSF sam ples had a de tect able

level of hCG (de tec tion limit > 1.0 IU/l). All

mea sur able lev els were close to the de tec tion

limit (Ovitrelle, range 1.0 – 1.4 IU/l, Pregnyl,

range 1.3 – 2.1 IU/l). The de tec tion of hCG in

CSF sup port the prem ise that hCG dis trib utes

to CSF into the CNS, via ei ther the blood-

 brain bar rier or the blood-CSF bar rier

[Pardridge 1989], and as ex pected the amount 

of hCG that can be found in the CSF is much

lower than what can be found in the se rum at

the same time point. Lukacs et al. [1995]

showed that in rats about 1/100th of pe riph er -

ally in jected hCG crossed the blood-brain

bar rier in an in tact form and was found in the

CSF and hip po cam pus. The se rum con cen tra -

tions at time point 36 hours post dose are

within the range of 219 – 359 IU/l, the CSF

con cen tra tions at the same time point are

within the range > 1.0 – 2.1 IU/l. To our

knowl edge, no pub lished study has in ves ti -

gated the pas sage of IM ad min is tered hCG

into CSF in man. Only one study in rats, de -

scrib ing where pas sage ap prox i mately

1/100th cir cu lat ing of lev els of hCG into CSF

was de scribed us ing ra dio iso tope meth ods of

de tec tion at 30 min fol low ing 125I-u-hCG in -

jec tion into the tail vein [Lukacs et al. 1995].

The re sults found in this study are in agree -

ment with those of Lukacs et al. [1995]. Al -

though this study was con ducted in healthy

male vol un teers, pa tients suf fer ing from

acute ischemic stroke fre quently ex pe ri ence

in creased blood brain-bar rier per me abil ity.

As this is the first study of its kind show ing

de tect able lev els of hCG in the CSF in man, it

can be spec u lated that in the set ting of acute

in jury in creased CSF and intraparenchymal

con cen tra tions hCG might trans late into in -

creased thera peutic ben e fit. 

Sev eral hu man stud ies have in ves ti gated

the pharmacokinetics of Pregnyl or Ovitrelle

fol low ing IM ad min is tra tion. One study by

Mannaerts et al. [1998] showed IM ad min is -

tra tion of 10,000 IU of Pregnyl re sulted in a

peak se rum con cen tra tion of 307 IU/l at ap -

prox i mately 20 hours. In this study we show

sim i lar peak con cen tra tions of hCG but peak

con cen tra tions of the two drugs ap peared to

dif fer with the peak con cen tra tion with

Pregnyl reached be tween 8 and 24 hours

whilst se rum con cen tra tions of Ovitrelle were 

reached some time dur ing the pe riod be tween

12 and 36 hours, though nei ther was sta tis ti -

cally dif fer ent. A sec ond study by Chan et al.

[2003] that ad min is tered IM u-hCG (Pregnyl) 

in women showed peak se rum con cen tra tions

of 331 IU/l oc curred at ap prox i mately 20

hours. While a study by Trinchard-Lugan et

al. [2002] in 12 healthy male and fe male vol -

un teers showed that 5,000 IU Ovitrelle or

Pregnyl ad min is tered IV dem on strated that

u-hCG tended to be dis trib uted and elim i nated

slightly more slowly than the re com bi nant

form of hCG (Ovitrelle). Over all se rum

pharmacokinetics re sults from our study are

in agree ment with these pre vi ously pub lished

stud ies. Mannaerts et al. [1998] in ves ti gated

the bioavailability of SC and IM ad min is tra -
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tion of 10,000 IU u-hCG (Pregnyl; Organon)

in 18 healthy pituitary- suppressed vol un -

teers. The sub jects were as signed to sin gle

hCG in jec tions of 10, 000 IU IM or 10,000 IU

SC. IM and SC in jec tions of 10,000 IU hCG

were bioequivalent with re spect to AUC0-¥

(2.813 ± 0.587 vs. 3.048 ± 0.532 IU ´ h/l).

The Cmax and tmax were also sim i lar be tween

the two ad min is tra tion routes. Se rum mean

peak con cen tra tions of hCG were 307 IU/l

with 10,000 IU IM and 339 IU/l with 10,000

IU SC, which peaked 20 hours af ter in jec tion.

The elim i na tion half- life was on av er age

32 – 33 hours, ir re spec tive of the treat ment

reg i men. It was con cluded that SC u-hCG is

bioequivalent to IM u-hCG with re spect to the 

ex tent of ab sorp tion.

The study had sev eral lim i ta tions that de -

creased the de gree to which re sults could be

in ter preted. Se quen tial re cruit ment of sub -

jects into the study groups has the po ten tial to

con found study out comes. Small study group

size, while suf fi cient to dem on strate the pas -

sage of an in tra mus cu lar in jec tion of hCG,

may be too small to dif fer en ti ate pharma co -

kinetic changes ob served be tween the two

drugs dur ing the early sam pling pe ri ods. For

com pas sion ate and eth i cal rea sons the num -

ber of spi nal punc tures was lim ited to three

and to tal study du ra tion was lim ited to 36

hours. In both cir cum stances this lim ited

avail able data and so the res o lu tion, eval u a -

tion and interpretation of hCG serum and CSF 

pharmacokinetics.

Conclusion

This pi lot study de scribes a novel par tially 

val i dated method for an a lyz ing hCG in hu -

man CSF and pro vides new ev i dence that

hCG can be de tected and dis trib utes into the

CSF af ter pe riph eral ad min is tra tion of 10,000 

IU in a lim ited num ber of healthy male sub -

jects with an in tact blood-brain bar rier and

yet, as ex pected, the con cen tra tion found in

the CSF is much lower than what was found

in the blood at the same time point. Ex am i na -

tion of the CSF lev els of in di vid u als re veals a

trend go ing from a not de tect able level to -

wards a de tect able level with time, sug gest ing 

a lag time for the trans port into the CNS, as

the high est level of hCG in se rum does not

nec es sary give a mea sur able amount in the

CSF (i.e. there is a marked aug men ta tion in

the amount of de tect able sam ples af ter 36

hours). Fi nally, in the af ter math of a stroke a

re gional in crease in dif fu sion across a dam -

aged blood-brain bar rier is an tic i pated, which 

could lead to higher con cen tra tions of ex og e -

nously ad min is tered hCG in CSF than what

was dem on strated in the pres ent study in

healthy sub jects. In this study, there was no

sig nif i cant dif fer ence be tween blood lev els in 

terms of 24-hour AUC or peak se rum con cen -

tra tion be tween the two forms of hCG, and an

in ter est ing trend sug gest ing a dif fer ence in

hCG se rum con cen tra tion the first 24 hours

after drug administration may exist if a larger

number of subjects were to be studied.
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