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Summary 

The aminopeptidase and esterase activities of dermal, nasal, buccal, rectal and intestinal tissues from the rat, rabbit, guinea-pig 

and dog were investigated. The results demonstrate that dermal, nasal and buccal tissues show the same species ranking with respect 

to enzymic activities. For those tissues, the species ranking for both crude and protein-normalised aminopeptidase activity was found 

to be dog < rat c guinea-pig < rabbit. With respect to esterase activity of those tissues the relative ranking was guinea-pig -C rat < 

rabbit. Rectal and intestinal tissues showed a different ranking order to the other tissues. For aminopeptidase activity, the ranking 

was rat < dog < rabbit -C guinea-pig. For the esterase activity of intestinal tissue, the rank order was guinea-pig < rat < rabbit. 

Intestinal tissues consistently showed the highest enzymic activities across all species studied, suggesting that enzyme inhibition may 

be necessary for effective delivery of poorly absorbed peptide or esterified drugs via this route. The dermal route presents the least 

peptidase activity. 

- 

Introduction 

An increasing number of peptide and protein 
drugs are being introduced into therapeutics as a 
result of recent developments in biotechnology. 
Examples include analogues of luteinizing hor- 
mone releasing hormone (An&, 1984; Sandow and 
Petrie, 1985) and cyclosporin (Wood et al., 1983). 
While a number of those drugs have satisfactory 
bioavailabilities, the majority of peptide and pro- 
tein drugs are poorly absorbed into the systemic 
circulation when administered by non-parenteral 
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routes due to first-pass metabolism or poor per- 
meabilities across the absorption barriers. There- 
fore over recent years, there has been a surge in 
research activity directed towards improving the 
non-parenteral bioavailabilities of protein and 
peptide drugs. Recent developments have been 
summarised in a number of reviews (Humphrey 
and Ringrose, 1986; Goosen, 1987; Banga and 

Chien, 1988; Eppstein and Logenecker, 1988; Lee, 
1988; Zhou and Li Wan PO, 1990a). 

In an earlier study from this laboratory (Zhou 
and Li Wan PO, 1990b), it was shown that the 
enzymic activities of tissues from different portals 
of absorption, in the rat, differed significantly 
from each other indicating that one route of ab- 
sorption may be better than others because of 
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lower esterase or peptidase activity. The implica- 
tion is that the choice of a particular route of 
delivery for a given drug has to be tailored to take 
account of the enzyme-labile groups present as 

well as of the inherent permeabilities of the tissues 
to the drug. For peptide or protein drugs, this 
information is important since a range of ap- 
proaches is necessary for improving their bioavail- 
abilities. 

If information about the relative metabolic ac- 
tivities of tissues from different absorption sites 

derived from animal models is to be used for 
predicting absorption efficiency of those sites in 
humans, it is important that there is a good corre- 
lation between the values obtained in animal and 

man. This requirement is separate from that nec- 
essary for scaling from animal to man (Boxen- 
baum and D’Souza, 1990). Therefore, as an exten- 
sion to our previous work, we investigated species 
differences in metabolic activities of different tis- 
sues from different animals. Although ideally hu- 

man tissues should be used to define absorption 
barriers, this is not pratical, in vitro, as viable 
tissues are required and biopsy tissues are not 

available to us in sufficient quantities for the 
necessary work. In vivo work is possible but is 
expensive because of the controls required to 
account for cross-over effects and inter-subject 
variability. It would however be necessary for 
final validation. In this report, work focussing on 
a comparison of the enzymic activity of tissues 
from different animal species is described in the 
hope that the information may help in the selec- 
tion of the most appropriate model for human 
tissues. 

Materials and Methods 

x_-Leucine-P-naphthylamide dihydrochloride. 
p-dimethyla~noben~ldehyde (PDAB), (&naph- 
thyla~de dihydr~~o~de, p-nitrophenyl acetate 
and p-~trophenol were obtained from Sigma 
(Poole, U.K.). HPLC methanol used in this work 
was purchased from FSA Laboratory supplies 
(Loughborough, U.K.). Folin & Ciocalteu’s phe- 
nol reagent was obtained from BDH (Poole, U.K.). 
Bovine albumin (fraction Y powder, 96-99% al- 

bumin) was purchased from Sigma. The other 
reagents and chemicals were analytically pure 
grade. 

Apparat~ 

Absorbance measurements were carried out 
with a recording spectrophotometer (PU 8720 
UV/Vis scanning spectrophotometer with Video- 

RGB Monitor CM 8533) equipped with a printer/ 
plotter (Philips, Model C). 

Preparation of tissue homogenates 

The method used was the same as described 
previously (Zhou and Li Wan PO, 1990b) except 

that the rat tissues were supplemented by guinea- 
pig, rabbit and dog tissues. Except for the rat and 
guinea-pig tissues, the other tissues were donated 
by colleagues from other laboratories after killing 
their animals at the end of their own experiments. 
This was resorted to in order to minim&e use of 
laboratory animals. The rats were Wistar rats 
weighing 350-415 g. The guinea-pigs were Duncan 

Hartley weighing 700-900 g. The rabbits were 
New Zealand white rabbits weighing 1.5-2 kg and 

the dogs were greyhounds weighing 15-20 kg. All 
the animals were allowed free access to water but 
were deprived of food for 24 h prior to the study. 
Excised tissues from the freshly killed animals 
were rinsed with distilled water, blotted dry with 
absorbent tissues, and homogenised. The 10% w/v 
tissue homogenates were centrifuged at 7500 x g 

at 4°C for 15 min and the supernatant stored at 
- 18’C until required for analysis which was al- 
ways within 1 week. During this period of storage, 
except for dog tissue esterase, no significant de- 
crease in enzymic activity was observed. 

Determination of leucine aminopeptidase 

The method used was the same as described in 
our previous work (Zhou and Li Wan PO, 1990b) 
based on that reported by Goldberg and Ruten- 
berg (1958) and Takenaka and Takahashi (1962). 

determination of cholesterol esterase activi@ 
Cholesterol esterase activity was determined by 

the method described by Sih et al. (1963) and 
modified as decribed in our previous report (Zhou 
and Li Wan PO, 1990b). 



Determination of protein content 

Protein concentration in the supernatant solu- 
tion was measured by the method proposed by 
Lowry et al. (1951) using bovine serum albumin as 
reference compound. 

Statistical analysis 
One-way analyses of variance (ANOVA) were 

used for testing the null hypothesis of no dif- 
ference in cholesterol esterase activity, amino- 
peptidase activity or protein concentration in the 
tissue homogenates. 

When ANOVA led to rejection of the null 
hypothesis, multiple-range testing was carried out 

using the Neuman-Keuls Method (Elliott, 1986). 
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Results and Discussion 

Measurement of the esterase activity of the 
tissues involved hydrolysis of p-nitrophenyl 
acetate and monitoring the absorbance of the 
solution. To check for linearity in response the 
plots shown in Fig. 1 were produced. Similar plots 
(Fig. 2) were constructed for measuring amino- 
peptidase activity using the method reported by 
Goldberg and Rutenberg (1958) and modified by 
Takenaka and Takahashi (1962). It can be seen 
that for each tissue there was a good linear re- 

sponse between dose and absorbance for each 
enzyme. 

Using the method described, the esterase activi- 
ties of the different tissues from the rat, rabbit and 

guinea-pig are shown in Fig. 3. Results for the 

ml of tissue homogenate of rabbit-5 

Fig. 1. Typical dose-response plots for the determination of esterase activity. (Ei) Dermal, (+) nasal, (0) buccal, (0) rectal, (m) 

intestinal. 
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aminopeptidase activity of the different tissues 
from the rat, rabbit, guinea-pig and the dog are 
shown in Fig. 4. Results of measurements of the 
protein contents of the supernatants of tissue ho- 
mogenates from the four different animals are 
shown in Fig. 5. 

Analysis of variance (ANOVA) to evaluate the 
statistical significance of the results obtained were 

carried out and the resulting ANOVA tables are 
shown in Table 1. Separate tables are given for 

each animal species (A-C) and for each tissue 
studied. When a statistical significance is identi- 
fied, a multiple range test (Neuman-Keuls) was 
subsequently carried out for paired comparison. 
The results are shown in Table 2. 

To evaluate whether there was any difference in 
the enzymic activities of tissues from different 
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animals, the appropriate analyses of variance were 
carried out to be followed by the corresponding 
multiple range test when a statistically significant 
effect was observed in the former test. The results 
of the paired comparisons are shown in Table 3. 

In all the measurements of the enzymic activi- 
ties of the tissues concerned, the values measured 
were within the linear dose-response range shown 

by the calibration curves in Figs 1 and 2. 
The relative esterase activities of the different 

tissues show a different trend in the rat when 
compared with corresponding data obtained in 
studies with the rabbit and guinea-pig (Fig. 3). In 

the rat, dermal tissues appear to possess a higher 
esterase activity than do nasal, buccal and rectal 
tissues respectively. In the rabbit and the guinea- 
pig, the reverse order to that seen in the rat was 

ml of tissue homogenate (dog-l) 

Fig. 2. Typical response plots for measuring aminopeptidase activity of tissue homogenates. (m) Dermal, (+) nasal, (0) buccal. (0) 
rectal, (D) intestinal. 
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Fig. 3. A comparison of crude esterase activities (mean S.D.) 
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Fig. 4. A comparison of crude aminopeptidase activities (mean 
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intestinal. 
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Fig. 5. Compara ti\ le protein concentration (mean 5 S.D.) from 

_ 
10% w/v tissue homogenates from different animals. (m) Der- 

mal, (a) nasal, (P) buccal, (0) rectal, (0) intestinal. 

observed. Intestinal tissues, however, consistently 
showed the highest esterase activity. The esterase 
activity of dog tissues showed poor stability on 
storage and consistent results were not obtained 
from day to day. Those results were therefore 
discarded. 

Statistical evaluation of the results (Table 1) 

showed that despite the differences in rank order- 
ing in the rabbit and guinea-pig, except for intesti- 
nal tissues, none of the other tissues showed any 

statistical difference in esterase activity both with 
and without adjustment for protein concentration. 

With aminopeptidase, the crude activity of the 

rabbit tissues mirrored those seen with the esterase 
activity. Only in the intestinal tissue was amino- 

peptidase significantly higher than the other tis- 

sues. 
In the dog, dermal, nasal and buccal tissues 

showed no statistical difference in aminopeptidase 
activity either before or after adjustment for pro- 
tein content. They were, however, less active in 
this respect than rectal tissue which in turn was 
less active than intestinal tissue. The same result 
was observed in the guinea-pig. It would therefore 
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TABLE 1 

Analysis of variance tables for comparison of animal buccal, dermai, nasal, rectal and intestinal tissues 

Animal Analysis of variance table 

Source df ss MS F Approx. P 

(A) Rabbit 
(i) Response variable: soluble protein concentration 

Treatment (tissue type) 4 4.04 
Residual 70 3.04 
Total 74 7.08 

(ii) Response variable: crude aminopeptidase activity 
Treatment (tissue type) 4 55.91 
Residual 70 12.80 
Total 74 68.71 

(iii) Response variable: crude cholesterol esterase activity 
Treatment (tissue type) 4 1.21 
Residual 70 0.44 
Total 74 1.65 

(iv) Response variable: specific aminopeptidase activity 
Treatment (tissue type) 4 39.48 
Residual 70 18.72 
Total 74 58.20 

(v) Response variable: specific cholesterol esterase activity 
Treatment (tissue type) 4 0.95 
Residual 70 0.31 
Total 74 1.26 

(B) Dog 
(i) Response variable: soluble protein concentration 

Treatment (tissue type) 4 5.24 
Residual 70 0.34 
Total 74 5.58 

(ii) Response variable: crude aminopeptidase activity 
Treatment (tissue type) 4 33.11 
Residual 70 1.25 
Total 14 34.36 

(iii) Response variable: specific aminopeptidase activity 
Treatment (tissue type) 4 37.25 
Residual 70 1.96 
Total 74 39.21 

(C) Guinea-pig 
(i) Response variable: soluble protein concentration 

Treatment (tissue type) 4 11.69 
Residual 70 0.36 
Total 74 12.05 

(ii) Response variable: crude aminopeptidase activity 
Treatment (tissue type) 4 378.23 
Residual 70 8.60 
Total 74 387.20 

1 .Ol 23.21 < 0.001 
0.04 

13.98 
0.18 

0.30 
0.01 

9.87 
0.27 

0.24 
0.00 

1.31 
0.00 

8.28 
0.02 

9.31 
0.03 

2.92 
0.01 

76.43 

47.62 

36.90 < 0.001 

53.97 

269.12 

462.69 

332.51 

560.78 < 0.001 

-z 0.001 

-c 0.001 

< 0.001 

i 0.001 

-e 0.001 

< 0.001 

94.66 770.79 i 0.001 
0.12 

(continued) 
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TABLE 1 (continued) 

Animal Analysis of variance table 

Source df ss MS F Approx. P 

(C) Guinea-pig 
(iii) Response variable: crude cholesterol esterase activity 

Treatment (tissue type) 4 4.08 
Residual 70 0.31 
Total 14 4.40 

(iv) Response variable: specific aminopeptidase activity 
Treatment (tissue type) 4 181.58 
Residual 70 18.33 
Total 14 199.91 

(v) Response variable: specific cholesterol esterase activity 
Treatment (tissue type) 4 2.56 
Residual 70 0.16 
Total 74 2.72 

1.02 227.92 < 0.001 
0.00 

45.39 173.38 -c 0.001 
0.26 

0.64 278.00 < 0.001 
0.00 

appear that as far as aminopeptidase activity was peptidase activity. Nasal and buccal tissues showed 
concerned, species differences were more modest some change in rank order of aminopeptidase 
than with esterase activity. Indeed, dermal tissues activity but this was probably a reflection of the 
were the least active in all species studied and small differences in their relative activities. In- 
intestinal, the most active. Rectal tissues were also deed, in none of the species studied did the dif- 
consistently the second most active source of ference reach statistical significance. 
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Fig. 6. Comparative esterase activity (meanfS.D., n = 5) of 
different tissues from different animals corrected for protein 
concentration. (B) Dermal, (H) nasal, (4 buccal, (a) rectal, (0) 

intestinal. 
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Fig. 7. A comparison of aminopeptidase activity (mean f S.D., 
n = 5) of different tissues from different animals corrected for 
protein concentration. (m) Dermal, (a) nasal, (a) buccal, (a) 

rectal, (0) intestinal. 
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TABLE 2 

Results of multipk range fez& (Newman-Keuis~ in comparative studies of animal buccal, dermai, nasal, rectal and inrestmat tissues 

Animal Tissue 

Dermal 

(A) Rabbit 
(if Response variable: protein concentration 

Population 1 
Population 2 
Population 3 

Nasal Buccal Rectal Intestinal 

(ii) Response variable: crude cholesterol esterase activity 
Population 1 ______-__--~_-_~--~-c_________---_-----_---__--~---~--~ 

Population 2 

(iii) Response variable: specific cholesterol esterase activity 
Population 1 __-___-___-___-_i_--i___________-_________~-__~-~_~~-___ 

Population 2 

(iv) Response variable: crude aminopeptidase 
Population 1 ~--~__________________--___--__--___- 

Population 2 
Population 3 

(v) Response variable: specific aminopeptidase 
Population 1 
Population 2 

(W Dog 
(i) Response variable: protein concentration 

Population 1 ___--- 

Population 2 
Population 3 
Population 4 
Population 5 

(ii) Response variable: crude aminopeptidase 
Population 1 -------~~--_~~~~____-----_-_--_-___-_ 

Population 2 
Population 3 

(iii) Response variable: specific aminopeptidase 
Population 1 ______________-_______-____~__~-__--- 
Population 2 
Population 3 

(C) Guinea-pig 
(i) Response variable: protein concentration 

Popufation 1 __--__ 

Population 2 
Poputation 3 
Population 4 
Population 5 

(ii) Response variable: crude aminopeptidase 
Population 1 ---~~~---~~---~__-__---__--~--------- 

Population 2 
Population 3 
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TABLE 2 (continued) 

Animal Tissue 

Dermal Nasal 

(C) Guinea-pig 

(iii) Response variable: crude cholesterol esterase activity 

Population 1 

Population 2 

(iv) Response variable: specific aminopeptidase 

Population 1 

Population 2 

Population 3 

Buccal Rectal 

--_--_- 

Intestinal 

---_-___ 

(v) Response variable: specific cholesterol esterase activity 

Population 1 

Population 2 ----_--- 

Groups underlined with the same continuous line show no statistical difference at the 5% significance probability level. 

The differences in rank ordering of the differ- 
ent tissues, based on their enzymic activities, would 
suggest that species differences are to be expected 
when comparing the same tissues across the differ- 
ent species. This is in fact seen to be the case in 
Figs 3-7. Statistical analyses (Table 3) show that 
dermal, nasal and buccal tissues show the same 
species ranking with respect to enzymic activity. 
Thus, for both crude and protein-normalised 
aminopeptidase activities, the species ranking was 
dog -C rat -C guinea-pig -C rabbit. With respect to 
esterase activity the relative ranking was guinea- 
pig < rat < rabbit. 

Rectal and intestinal tissues showed a different 
ranking order to that seen with the other tissues 
studied, with the order for aminopeptidase activity 
being rat < dog < rabbit < guinea-pig. With in- 
testinal tissue, the rank order for esterase activity 
was guinea-pig -C rat < rabbit. Indeed adjustment 
for protein content produced yet another ordering 
for intestinal esterase activity. This time the rela- 
tive activities were rabbit < rat < guinea-pig. 

The differences in enzymic activities between 
the same tissues in different animals are not 
surprising. Interspecies pharmacokinetic scaling is, 
for example, well known (Boxenbaum and 
D’Souza, 1990). However the differences in species 
rank ordering with different tissues is less well 
documented. 

What are the implications of the results re- 
ported in the present study? The data would sug- 

gest that as far as peptidase activity is concerned 
there is good species to species rank ordering in 
relative activity of the different tissues studied. 
Dermal tissues are generally the least active and 
intestinal tissues the most active. Rectal tissues are 
the second most active in this respect. The present 
work was initiated as part of a programme in- 
tended to identify optimum routes for drug de- 
livery. For delivering pharmacologically active 
peptides, the present results suggest that inhibition 
of peptidase activity, with agents such as aprotinin, 
would be important if the gastrointestinal route is 
used. Peptide transport across the epidermal bar- 
rier is difficult due to the resistant diffusional 
barrier presented by the stratum corneum. How- 
ever, the current work would suggest that should 
resistance to that barrier be overcome, such as by 
iontophoresis (Rolf, 1987; Siddiqui et al., 1987; 
Liu et al., 1988; Srinivasan et al., 1989), then 
peptidase challenge is likely to be less pronounced 
than with other tissues. 

With esterase activity the species comparisons 
yielded more complex result in that the rank 
ordering of the tissues showed species differences. 
However, intestinal tissues were the most active in 
all the species studied. Therefore, when delivering 
drugs with hydrolabile ester functions, it would be 
important to use esterase inhibitors or to shield 
the drugs using appropriate techniques, such as 
stereochemical shielding. Such techniques have 
shown their usefulness in corticosteroid ester de- 
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TABLE 3 

Results of multiple range tests (Newman-Keuls) in comparative s&dies on animal species incuding rat, rabbit, guinea-prg and dog 

(A) Tissue: Demd 
(i) Response variable: protein concenlration 

Guinea-pig Dog Rat Rabbit 

Population 1 

Population 2 

(ii) Response variable: crude aminopeptidase 

Dog Rat Guinea-pig Rabbit 

Population 1 

Population 2 -_--__ 

Population 3 ____-- 

(iii) Response variable: crude cholesterol esterase activity 

Guinea-pie Rabbit 

___--__-____------------- _-__ 

Rat 

Population 1 

Population 2 

(iv) Response variable: specific aminopeptidase 

Dog 

Population 1 -__--_ 

Population 2 

Population 3 

Population 4 

Rat Rabbit Guinea-pig 

(v) Response variable: specific cholesterol esterase activity 

Guinea-pig Rabbit Rat 

Population 1 

Population 2 

(B) Tissue: Nasal 
(i) Response variable: protein concentration 

Dog 

Population 1 

Population 2 

Population 3 

Guinea-pig Rat Rabbit 

(ii) Response variable: crude aminopeptidase 

Dog Rat 

Population 1 

Population 2 _--_-_ 

Population 3 

(iii) Response variable: crude cholesterol esterase activity 

Guinea-Die. Rabbit 

Guinea-pig Rabbit 

-__-------__-~_______-------- 

Rat 

Population 1 _____-__-_____-------_-~~- 

Population 2 

(iv) Response variable: specific aminopeptidase 

Dog Rat 

Population 1 

Population 2 --_-_- 

Population 3 

Population 4 

__---- 

Rabbit Guinea-pig 

________-- 

(continued) 
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TABLE 3 (continued) 

(B) Tissue: Nasal 
(v) Response variable: specific cholesterol esterase activity 

Guinea-pig Rabbit Rat 

Population 1 

Population 2 

__________________________ 
-------__ 

(Cf Tissue: Buccai 

(i) Response variable: protein concentration 

Dog Guinea-pig 

Population 1 

Population 2 ________________...-----..------- 

(ii) Response variable: crude aminopeptidase 

Dog Rat 

Population 1 

Population 2 ------ 

Population 3 __---- 

(iii) Response variable: crude cholesterol esterase activity 
Guinea-pig Rabbit 

Rabbit 

Guinea-pig 

Rat 

Rat 

---_ 

Rabbit 

Population 1 ~~-----_----______~~~__--- 

Population 2 -_---- 

(iv) Response variable: specific a~nopeptid~e 

Dog Rat Rabbit Guinea-pig 

Population 1 ------ 

Population 2 
_---__ 

Population 3 -_____ 

Population 4 

(v) Response variable: specific cholesterol esterase activity 
Guinea-pig Rabbit Rat 

Population 1 ------__--__________------ 

Population 2 -__-_- 

(D) Tissue: Rectal 

(i) Response variable: protein concentration 

Dog Rabbit Rat Guinea-pig 

Population 1 ____________________-_-_-_--______-.-~~.---------- 

Population 2 ---_-- 

(ii) Response variable: crude a~no~tid~ 

Rat Dog Rabbit Guinea-pig 

Population 1 

Population 2 __--__ 

Population 3 

Population 4 

(iii) Response variable: crude cholesterol esterase activity 
Guinea-pig Rabbit 

_-____ 

Rat 

---_-_--- 

Population 1 

Population 2 

Pooulation 3 

------__- 
-_____ 

---VW_ 

(continued) 
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TABLE 3 (continued) 

(D) Tissue: Rectal 
(iv) Response variable: specific aminopeptidase 

Rat Dog Rabbit Guinea-pig 

Population 1 -------________________-__ 
Population 2 ------ 

Population 3 

(v) Response variable: specific cholesterol esterase activity 
Guinea-pig Rabbit Rat 

Population 1 
Population 2 -_---- 

Population 3 

(E) Tissue: Intestinal 
(i) Response variable: protein concentration 

Guinea-pig Dog Rat Rabbit 

Population 1 
Population 2 

(ii) Response variable: crude aminopeptidase 

Rat Dog Rabbit Guinea-pig 

Population 1 
Population 2 
Population 3 
Population 4 

(iii) Response variable: crude cholesterol esterase activity 
Guinea-pig Rat Rabbit 

Population 1 
Population 2 
Population 3 

________- 
------- 

(iv) Response variable: specific aminopeptidase 

Rat Dog Rabbit Guinea-pig 

Population 1 
Population 2 __----- 

Population 3 
Population 4 

(v) Response variable: specific cholesterol esterase activity 

Rabbit Rat Guinea-pig 
Population 1 ----- 
Population 2 --------- 

sign and betamethasone-17-valerate, for example, 
is much more active than the corresponding 21-es- 
ter (Cheung et al., 1985). 
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