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Amct-The time-dependent excretion and potential body reten- 
tion of ma netic polyethyleneimine (PEI) microcapsules, methy- 
h t d  with [fkjmethyl iodide have been investigated after intragas- 
tric administration to mice. Gastric emptying was rapid but about 
10% ofthe administered dose was still present in the stomach after 6 
h; b e  number of microcapsules within the small intestine remained 
approximately constant over 1-6 h. Excretion of microcapsules in 
b e  faeces was virtually complete (98.7% excretion within 72 h), with 
small amounts of radioactivity excreted via the urine or as [14C]C02. 
There was no detectable adsorption or retention of microcapsules 
within the body as measured by either a whole-body autographic 
study or by direct quantitation of tissue radioactivity. 

Although most microencapsulated oral dosage forms are 
designed to release pharmaceuticals (Lim 1984; Poznansky & 
Juliano 1984) other systems have been designed to degrade and 
bind toxic intestinal metabolites, or blood-borne toxins (Chang 
1969; Chang & Loa 1970; Gardner et a1 1971; Sparks et a1 1971). 
Using the interfacial polymerization technique pioneered by 
Chang et al (l966), we have developed magnetic microcapsules 
containing polyethyleneimine (PEI) to trap carcinogens or their 
metabolites within the gastrointestinal tract (Povey et al 1986). 
The microcapsules are designed to remain intact on passage 
through the gastrointestinal tract so that bound substances are 
shielded from the intestinal milieu and can be identified after 
magnetic extraction of the microcapsules from faeces. Micro- 
capsules administered intragastrically have been recovered 
intact from faeces and have bound radioactivity after the 
administration of radiolabelled carcinogens by several routes 
(Povey et al 1987a,b,c). 

The performance of such microcapsules in-vivo will depend 
upon, both physiological (gastric empyting, intestinal tract 
transit, etc.) and formulation (diffusion rates of intestinal 
metabolites through the microcapsule membrane, possible disin- 
tegration, etc) variables. As formation of DNA-damaging 
species can be localized, e.g. N-nitroso compounds within the 
stomach (Mirvish 1983), fecapentaenes within the colon (Wil- 
kins & Van Tassel1 1983), microcapsule binding of these 
compounds will be dependent upon such variables. For example, 
microcapsule binding of radioactivity after administration of 
[14C]dimethylhydrazine (i.p.) was time-dependent and consistent 
with the trapping of a biliary metabolite (Povey et a1 1987a). The 
distribution of microcapsules within the intestinal tract will be 
dependent more upon their gastric emptying than their small 
intestinal transit, as gastric emptying is affected by factors (e.g. 
dietary) that have little effect upon rapidity of transit of 
substances through small intestinal tract (Daviset al 1984, 1987). 
Within the colon, binding of reactive species will also be diet- 
dependent due to changes in colon content, residence times 
within the colon, bacterial microflora and endogenous metab- 
olism (Freeman 1983). 
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The variation in observed numerical recovery of microcap- 
sules (20-100%) has been attributed to the magnetic extraction 
technique used (Povey et al 1987a), but may also have arisen 
from retention within the body e.g. by adsorption within Peyer’s 
patches (LeFevre et al 1978, 1980). While these microcapsules 
are of potential use in human studies for detecting DNA- 
damaging agents in high-risk populations, there is a possibility 
of their retention within the body which represents a potential 
hazard. The aims of the present study were to follow the passage 
of microcapsules through the intestinal tract to ultimate faecal 
excretion and to determine whether any microcapsules were 
absorbed by Peyer’s patches and subsequently relocated into the 
systemic circulation. 

Materials and methods 

Preparation of microcapsules. Magnetic PEI microcapsules were 
prepared by an interfacial polymerization technique as described 
previously (Povey et al 1986) using PEI of 40-60000 molecular 
weight. Characteristics of this batch have been described 
previously (Batch 24, Povey et al 1987d). The microcapsule 
mean diameter, obtained from a cumulative weight % plot was 
39 pm (range 26-51 pm) and the microcapsule PEI core-to- 
membrane ratio was 4.7. 

Microcapsules containing a total of 30 mg core PEI were 
incubated with 54 pmol [I4C]methyl iodide (sp. act. 55 mCi 
mmol-’ Amersham) for 92.5 h at 37°C in a 50:50 mixture of 
ethanol and 0.15 M NaCl. Radiolabel not bound to microcap- 
sules was removed by repeated washing with ethanol followed by 
deionized water. Microcapsules were then further treated with 
simulated gastric acid (0.08 M HCl containing 0.03 M NaC1, pH 
1.2) before a final washing in water. Aliquots of the radiolabelled 
microcapsules were then sonicated and the core-to-membrane 
ratio of bound radiolabel was determined (Povey et a1 1986). 

Treatment of animals. Male DBA 2 mice (age 6 weeks) obtained 
from Iffa-Credo, Lyon, France were given 1 mL of microcapsule 
suspension (2.8 x lo6 microcapsules; 83 KBq, 2.25 pCi) by the 
intragastric route. Animals were fasted at least 18 h before 
treatment. 

Whole body autoradiographies were carried out according to 
the general procedure of Ullberg (1954). Briefly, at intervals after 
treatment, mice were killed by ether inhalation and frozen at 
- 180°C in liquid nitrogen. Animals were mounted in a gel of 
carboxymethylcellulose and cut into sagittal sections (30 pm) in 
a cryostat (Slee, Type TS 260). Slices were applied on Kodak X- 
Omat films and exposed for a month. 

For disposition studies, groups of five mice were killed by 
cervical dislocation at intervals up to 72 h after microcapsule 
administration. Various tissue samples were removed. In separ- 
ate experiments, five animals were housed in metabolic cages 
enabling separate collection of urine and faeces or in an 
apparatus designed to measure expired I4CO2. 
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Determination of radioactivity. Radioactivity of selected samples 
was determined in a liquid scintillation spectrometer (Packard, 
Model Tri-Carb 453) after combustion in a sample oxidizer 
(Packard, Model 306). 

Results and discussion 

Reaction of microcapsules with methyl iodide resulted in (i) the 
N-methylation of both PEI (core and membrane incorporated) 
and the terminal polyamide membrane amine groups and (ii) the 
formation of acid-labile methyl esters with carboxylic acid 
functions in the microcapsule membrane and core. Treatment of 
the [I4C]methylated microcapsules with simulated gastric acid 
released about 3-4% of the bound radiolabel. 64% of the 
remaining bound radiolabel was present in the microcapsule 
core bound to dissolved PEI, the remainder was associated with 
the microcapsule membrane. As previous studies have shown 
that microcapsules, previously [14C-methyl]-labelled in-vitro 
with [14C-methyl]methane sulphonate, were recovered intact 
from faeces after intragastric administration with high recovery 
of bound radioactivity (Povey et al 1987c), the link between this 
acid-resistant radiolabel and the microcapsules appeared to be 
stable under conditions present in the gastrointestinal tract. 
Hence, the number of microcapsules present was quantified by 
determination of radioactivity after sample oxidation rather 
than by direct microscopic observation with a haemocytometer. 

Preliminary results (data not shown) obtained by microscopic 
counting of microcapsules extracted magnetically from stomach 
contents had suggested that no microcapsules were present in the 
rat stomach 2 h after administration. However, these results 
were not confirmed in the present study which, using a more 
sensitive technique, showed that a substantial proportion 
(ca 1 I %) of microcapsules were detected in the stomach 6 h after 
administration (Fig. I ) .  The data are consistent with an 
exponential model for gastric emptying as greater than 80% of 
administered microcapsules were emptied from the stomach 
within 1 h, with the subsequeni rate over the next 5 h being much 
slower (<0.05% h-I). After 12 h, there were few microcapsules 
in the stomach ( < 0.5%). This pattern of gastric emptying can 
explain why endogenous N-nitrosation of microcapsules by 
nitrite in drinking water (believed to occur within the stomach at 
acid pH) was observed when nitrite was administered 6 h after 
microcapsule administration intragastrically (ONeill et al 1987) 
and the time-dependent binding of [14C]dimethylhydrazine 

Table I .  Cumulative excretion of radioactivity" 

Time Faecal Urine Exhaled 
(h) Y o  %I 1% 

0-24 56.3 0.14 0.15 
0-48 87. I 0.19 0.23 
0-72 98.7 0.39 0.30 

a Data is pooled from 5 mice administered with [I4C]-methylated 
microcapsules ( 5  x lo6 d min-l each). 

metabolites (Povey et a1 1987a). Previous work suggested that 
most microcapsules take approximately 8 h to reach the distal 
colon in BDVI rats (Povey et al 1987a). The present results show 
the number of microcapsules present within the small intestinal 
lumen remained approximately constant in the period 1-6 h (the 
large error in results arising from difficulties in obtaining the 
complete sample) and that after 12 h there were few remaining 
microcapsules ( < 0.6%). 

Administered radioactivity was almost all excreted ( z 98%) 
within 3 days via the faeces (Table I ) .  A small proportion of the 
administered dose ( < 1 Yo) was excreted via the urine or exhaled 
as I4CO2, presumably as a result of acid hydrolysis of residual 
[14C]methyl esters, or minor leakage or radiolabelled PEI from 
microcapsules. Approximately 40% of administered microcap- 
sules had not been excreted after 24 h (1 0% after 48 h) and were 
presumably present in the colon, as none were present in the 
upper intestinal tract (Fig. 1). A whole-body autoradiographic 
study (Fig. 2) indicated that radioactivity was present and 
confined within the intestinal tract at all periods up to 48 h. 
There were no levels of radioactivity detectable by autoradiogra- 
phy in tissues outside the gastrointestinal tract or in the upper 
intestinal tract 12-72 h after microcapsule administration. 

The completeness of microcapsule excretion was further 
studied by quantifying the amount of radioactivity present in 
various tissues of the mouse 1-72 h after microcapsule adminis- 
tration. Results are presented in Table 2 as a distribution of 
detected radioactivity over four ranges between < 0~0001 and 
0.07% of administered dose mg-I tissue. In most tissues (339/ 
363; 93%), and particularly tissues outside the gastrointestinal 
tract (226/23 I ;  98%), radioactivity present was very low 
(< 0.001 ?'n administered dose mg-I tissue). Since no localized 
points of radioactivity were detected by autoradiography out- 
side the gastrointestinal tract, this was consistent with a very 
small escape of radioactive material from the semi-permeable 
microcapsules arising either from dissolved radiolabelled PEI 
molecules (which are otherwise retained by their molecular 
weight) or of incompletely eliminated acid-labile material (see 
Experimental). Higher levels were found in three gastrointestinal 

A 

Tlme after admlnlrtrallon (h) 

FIG. I .  Time-dependent passage of microcapsules (mean f s.d.; 
n = 5) .  through the stomach (0-0) and small intestine (0-0). 

FIG. 2. Whole-bod autoradiogram of DBA-2 mice 3 h after 
administration of J4C]-methylated microcapsules. Radioactivity 
was found within the gastrointestinal tract (A); the tissues, liver (B), 
lungs (C), heart (D) and brain (E) were not radioactive and are 
marked solely for identification purposes. 
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Table 2. Distribution of radioactivity detected in mouse tissues after 
of radiolabelled microcapsules. Animals were killed 

1, 3, 6, 12, 24, 48 and 72 h after microcapsule administration and 
tissue radioactivity quantified after sample oxidation. Groups of 5 
mice were used at each time point except 24 and 48 h when 4 animals 
were used. Results are expressed as the total number of tissues for all 
the animals and time points found within the stated range. 

Range of detected radioactivity 
(I% administered dose mg- ’ tissue) 

Tissue 
Blood 
Plasma 
Thymus 
Liver 
Kidney 
Spleen 
Lungs 
Stomach 
Intestinal mucosa 
peyer’s patches 
Mesenteric lymph 

node 

< 0.000 I 
33 
33 
30 
33 
31 
32 
24 
16 
25 
24 
29 

0~oO01-0~001 
0 
0 
3 
0 
2 
I 
4 
0 
7 
8 
4 

0.001 0.01 0.01 0.07 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
3” 2b 

13‘ 4* 
I h  0 
I b  0 
0 0 

a Detected at 24. 48 and 72 h after microcapsule administration. 
bAt 6 h. 
At I h (2 samples); 3 h (5); 6 h (4); 24 h ( I ) ;  48 h ( I ) .  
At I h (3 samples); 6 h (1). 

tract tissues (stomach, Peyer’s patches and the intestinal 
mucosa) but only one other non-gastrointestinal tract tissue 
(lungs). The distribution of stomach radioactivity was bimodal 
with high levels of radioactivity detected up to 60 h after 
microcapsule administration, and so may have occurred due to 
unavoidable contamination with microcapsules in residual 
lumenal contents (Fig. 1). Radioactivity in the lungs was found 
only at  time points greater than 6 h; in four of the five mice 
(except for the animal at 72 h) higher levels (>0.001% 
administered dose mg-’ tissue) were also found in the stomach 
but not in any other tissue. Hence radioactivity in the lung may 
have been due to the initial microcapsule gavage, and sub- 
sequent slow clearance. 

LeFevre et a1 (1978, 1980) have shown that latex microspheres 
may be adsorbed via the Peyer’s patches in a size-dependent 
fashion. In the present study, there was no difference between the 
level of radioactivity in the intestinal mucosa and the Peyer’s 
patches and also low levels of radioactivity ( < 0401 O/o adminis- 
tered dose mg- I tissue) in tissues (liver, spleen) where microcap- 
sules may be subsequently trapped (Table 2). The present data 
would suggest that there was no detectable adsorption of 
microcapsules after a single administration of radiolabelled 
microcapsules, and that administered microcapsules were thus 
larger than absorbable size, which for latex microspheres was 
approximately 2 pm and thus not retained in Peyer’s patches 
(LeFevre et al 1980). Smaller, less magnetic microcapsules, had 
been removed previously from the batch before use by a 
magnetic extraction step described by Povey et a1 (1986). 

In conclusion, these results for a single dose of administered 
microcapsules show them to be essentially excreted via the faeces 
with no detectable adsorption or retention of microcapsules 
within the body. 
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