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Summary 

The transepithelial transport of TRH and its prodrug (N-octyloxycarbonyl) derivative was studied using the human colorectal 

carcinoma cell line Caco-2. No intact TRH prodrug was transported across the cells. Instead, TRH released from the prodrug was 

absorbed at rates comparable to those of labelled and unlabelled TRH. No metabolites of TRH could be detected. It can be 

concluded that the increased lipophilicity of the TRH prodrug is without effect on its transport characteristics. 

Thyrotropin-releasing hormone (TRH) is a 
peptide of potential clinical value for the treat- 
ment of various neurologic and neuropsychiatric 
disorders (Metcalf and Jackson, 1989). This 
tripeptide hormone was reported to be rapidly 
inactivated in plasma, thereby limiting its clinical 
utility (Hickens, 1983; Moss and Bundgaard, 
1990a). The low lipophilicity displayed by TRH is 
unfavourable for penetration across biological 
membranes (Banks and Kastin, 1985). On the 
other hand, the low molecular mass (362 Da) of 
the peptide is within the range believed to be 
rather well absorbed across the nasal and gas- 
trointestinal mucosae (McMartin et al., 1987; 
Donovan et al., 1990). In fact, an active transport 

Correspondence: S. Lundin, Department of Clinical Pharma- 

cology, Lund University Hospital, S-221 85 Lund, Sweden. 

mechanism of TRH across the intestinal mucosa 
has been suggested in the dog and the rat 
(Yokohama et al., 1984) thus utilizing the intesti- 
nal peptide carrier(s) (Wilson et al., 1989). The 
problems of rapid enzymatic inactivation and poor 
lipophilicity of TRH may be overcome by biore- 
versible derivatization of the peptide.(Bundgaard 
and Moss, 1990). The derivatives developed are 
N-alkoxycarbonyl derivatives of TRH formed 
by N-acylating the imidazole group of the histi- 
dine residue with various chloroformates. These 
derivatives are totally resistant to cleavage by the 
TRH-degrading pyroglutamyl aminopeptidase 
serum enzyme but are readily bioreversible, re- 
leasing TRH by spontaneous or plasma esterase- 
catalyzed hydrolysis. The N-alkoxycarbonyl pro- 
drug derivatives possess greatly increased lipo- 
philicity relative to TRH (Bundgaard and Moss, 
1990). Taken together, these properties may ren- 
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der the prodrug forms more capable of penetrat- 
ing various biological membranes. Thus, succcss- 

ful transdermal penetration of the highly 
llpophilic N-octyloxycarbonyl derivative of TRH 
was recently reported (Moss and Bundgaard, 
1990’~). The possibility of improved intestinal ab- 
sorption by some prodrugs of TRH was studied in 
Ussing Chambers using isolated intestinal seg- 

ments of rabbit and rat (Moss et al., 1990). The 
prodrugs did not improve the penetration of TRH 
across jejunal, ileal and colonic segments of the 
rat. In addition, the prodrugs were susceptible to 
enzymatic degradation, most likely due to the 
action of prolyl end~~peptidase and non-specific 
esterases. 

In the last few years, attempts have been made 
at developing cell-culture systems which may serve 
as models for the small intestinal epithelium 
(Neutra and Louvard, 1989). One of the most 
promising cell lines to date is derived from a 

human colon carcinoma. designated Caco-2. 
Caco-2 cells differentiate in cell culture to polar- 
ized monolayers with a morphological appear- 
ance similar to that of small intestinal entero- 
cytes. The monolayers share several features with 
the small intestinal epithelium and are therefore 
useful for studies of both epithelial transport and 
metabolism (Lundin and Artursson, 1990; Arturs- 
son and Karlsson, 199i ). 

The purpose of the present study was to deter- 
mine the rate of permeation of TRH and its 
N-octyloxycarbonyl prodrug derivative across 

Caco-2 monolayers. 
Caco-2 cells (Fogh et al., 1977) were obtained 

from the American Cell Culture Collection 
(Rockville, MD). The celis were cultivated on 
polycarbonate filters (Transwell celI culture in- 
serts; mean pore diameter 0.45 pm) as described 
elsewhere (Artursson, 1990). Cells of passage no. 
85-95 were used throughout. The integrity of the 
monolayers was routinely checked by measure- 
ments of transepithelial electrical resistance and 
by determination of the permeability of the hy- 
drophilic marker [~Hlmannitol (M,: 182). The 
integrity of the Caco-2 cell monolayers remained 
intact in the presence of TRH and its prodrug as 
reflected in unchanged Papr, values for [“HIman- 
nitol (3.42 -t 0.2 and 3.34 + 0.43, respectively). 

[‘H]TRH was obtained from New England Nu- 
clear (specific activity: 3.7 TBq/mmol), TRH was 

purchased from Bachem, Basel, Switzerland, and 
N-octyloxycarbonyl TRH was synthesized as dc- 
scribed previously (Bundgaard and Moss, lY90). 

For the study of peptide transport 1OY’ M 
solutions of TRH, [‘H]TRH and the TRH pro- 
drug dissolved in incubation medium wcrc added 
to the apical chamber. After various times sam- 
ples were collected from the apical and basolat- 

era1 chamber and were immediately frozen at 
- 70 o C. Control samples wcrc prepared by incu- 
bating the prodrug in cell culture medium (HBSS) 
for the same period of time. Analyses of incu- 
bated peptides were performed using HPLC 
(Bundgaard and Moss, 1990). Quantitation of the 
compounds was carried out by measuring the 
peak heights in relation to those of standards 
chromatographed under the same conditions. The 
sensitivity of the assay was about 0.5 pg ml- ’ of 
TRH and its prodrugs. Apparent permeability 
coefficients ( y,,,) were calculated as described 
previously (Artursson, l990). 

The transport rates of TRH, [ ‘H]TRH and 
TRH generated from its prodrug are listed in 
Table I. The HPLC analysis revealed that no 
measurable amount of intact TRH prodrug was 
transported across the Caco-2 cell monolayers. 
The I’..,, values for [‘H]TRH and TRH agreed 

4% log P a Pi,,, 

( X IO” cm 5 ’ 1 

-‘- TRH 362 -?.46 1.93+ 1.04 

[ ‘H]TRH XI:! -7.46 I .4 I * 0.08 ” 

N-octyloxycarbonyl TRH 5 18 1.8X - 

TRH (from prodrug) 2.73 * 0.95 

” P is the partition coefficient between octanol and phos- 

phate buffer of pi-l 7.40. The values were takrn from 

~undg~~~rd and Mttss (1990). 

” Ri = 3-10. means +S.D. 

The apparent permeability coefficients for TRH released from 

the prodrug was calculated using the peptide concentration at 

each time point (n = 5) in the basolateral chamber. 
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TABLE 2 

Comparison of TRH prodrug concmtrations (PM) when the 
prodrug (100 p M) was mcubatrd for lsarious times with Caco-2 
cell monolayers or HESS 

Time (min) Cells HBSS 

0 94.4 90.2 

20 87.1 83.5 

30 83.5 71.1 

60 67.2 75.7 

150 71.4 67.5 

well with the values obtained for the TRH pro- 

drug (measured as TRH flux). There were no 
significant differences between TRH prodrug 
concentrations when incubated with Caco-2 cell 
monolayers and cell culture medium (Table 21, 
indicating that the prodrug underwent hydrolysis 
in solution and that esterase activity was not 
present. As previously shown, the TRH prodrug 

is degraded with a half-life of 17.5 h in aqueous 
solution of pH 7.4 at 37 o C. Based on the forma- 
tion of TRH from its octyloxycarbonyl derivative, 
it could be calculated that the degradation half- 
times of the prodrug were 16.6 and 16.5 h in cell 
monolayers and incubation medium, respectively. 
Previous penetration studies using isolated rabbit 
and rat intestinal segments showed that the pene- 
tration of the prodrug derivative was not superior 
to that of intact TRH (Moss et al., 1990). No 
metabolites of TRH could be detected using the 
present HPLC system. The similarity of the Papp 
values for TRH and [“H]TRH therefore indicates 
that the peptide escapes degradation by the intra- 
cellular enzyme prolyl endopeptidase (Wilk, 
1983). If so, this would indicate that TRH is 
transported across Caco-2 cell monolayers by a 
paracellular route as can be expected by its high 
hydrophilicity, and not by the intestinal dipep- 
tide/ tripeptide carrier system. A dipeptide car- 
rier for cephalosporins has recently been identi- 
fied in Caco-2 cell monolayers grown on imper- 
meable plastic supports (Danzig and Bergin, 
1990). The possible expression of this carrier by 
the filter-grown cell monolayers used in this study 
does not influence the interpretation of the pre- 
sent results, since the carrier is reported to be 
inactive at the neutral pH used in this study. 

In conclusion, this study shows that the TRH 
prodrug was not transported across the cells de- 
spite its high lipophilicity. This indicates that 
lipophilicity, as defined by octanol/water parti- 
tion coefficients, is of limited value in mediating 
peptide absorption, across the intestinal epithe- 
lium. Other parameters, such as molecular weight 

and the number of hydrogen bonds, may also be 
important (Ho et al., 19901. On the other hand, 
TRH remained intact and is most likely trans- 
ported across the Caco-2 cells by the paracellular 

route. 
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