
dition, the midbilayer decane phase 
probably does not behave ideally (yAb 
7 1) as assumed in the analysis. In 
such circumstances Ab must differ from 
1.0 to maintain parity of the decane ac- 
tivity in the bilayer and annulus as the 
amount of decane mixing with the acyl 
chains increases. 

The dependence of bilayer thickness 
on voltage decreases as the length of the 
alkane used in the formation of the bi- 
layer increases. Thus, for GMO/hexa- 
decane membranes, the change in thick- 
ness accompanying a 150-mV potential is 
not detectable (4). A simple explanation 
of this effect is that the longer alkanes 
mix more thoroughly with the acyl 
chains than do the shorter ones. In such 
cases,X^A would tend to become equal 
to XAb and, by virtue of Eq. 3, a signifi- 
cantly larger potential would be required 
to achieve a given fractional change in 
X^b. However, since XAa remains on the 
order of 0.995 even for hexadecane, 
more thorough mixing would demand 
that yA be significantly greater than 1 to 

keep the alkane activity in the bilayer 
equal to that in the annulus. There is evi- 
dence in support of this hypothesis. I 
demonstrated earlier (15) that the en- 
thalpy of solution (AH) of n-hexadecane 
in GMO/hexadecane bilayers is large and 
positive (4 kcal/mole). Since, in general, 
In yoc HIT (18). it follows that y > 1. 

These results and conclusions indicate 
the difficulties inherent in making as- 
sumptions about the molecular meaning 
of the activity coefficient. Often, for ex- 
ample, RTlny is interpreted as due to dif- 
ferences in solute-solute and solute- 
solvent interaction energies. It is now 
clear, however, that the interpretation of 

y depends on knowledge of the structure 
of the environment surrounding the sol- 
ute. Thus, in this report, the gross activi- 
ty coefficient (yAb) of the decane in the 
bilayer is - 1.7, while if the assumption 
of a microscopic phase separation is 
made, yAb- 1 in the separate phase is 
adequate to explain the results. 
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One of the important roles of the epi- 
dermis is to limit the exchange of water 
and electrolytes between the organism 
and its environment. In this context, rep- 
tiles have attracted interest because they 
possess scales and may have very low 
rates of cutaneous water loss (CWL) (1). 
It had been assumed that reptilian CWL 
is negligible (2), but recent research dem- 
onstrated that there is considerable inter- 
specific variability of CWL and that spe- 
cies exposed to more desiccative condi- 
tions have lower rates (1). The skin 
properties underlying these differences 
are not known; speculations frequently 
concern quantitative aspects of keratini- 
zation and the size and pattern of scales 
(3). Although keratinized tissues were 
shown to be water permeable (4), current 
data do not elucidate the mechanisms de- 
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termining skin permeability of reptiles. 
We examined the functional role of epi- 
dermal lipids and found that they are 
critical to a water barrier function. 

Squamate reptiles (lizards and snakes) 
produce unusual stratified epidermal 
generations periodically during a shed- 
ding cycle (5). We investigated the prop- 
erties of squamate epidermis by using in- 
tact sheets of naturally shed skin (outer 
epidermal generation). We determined 
gravimetrically the rates of water move- 
ment across small patches of skin shed 
by snakes and a lizard. Skin specimens 
were laid across a fine nylon net 
stretched across the open top of a small 
plastic vial containing a water-saturated 
wick (6). Evaporative CWL rates were 
determined by periodically weighing (to 
the nearest 10 /g) the vials, which were 
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Lipid Barrier to Water Exchange in Reptile Epidermis 

Abstract. Extraction of lipids from the shed epidermis of the terrestrial snake 
Elaphe obsoleta obsoleta increases cutaneous water loss in vitro as much as 15-fold. 
Partial denaturation of epidermal keratin without lipid extraction increases cutane- 
ous water loss only twofold. Histological observations and thin-layer and gas-liquid 
chromatography of the lipid extracts indicate a complex mixture of polar and neutral 
lipids predominantly in the mesos layer of the cornified epidermis. Comparative mea- 
surements of cutaneous water loss in other species of snakes and a lizard show that 
permeabilities differ naturally but are essentially identical after lipid extraction. 
These findings establish the importance of lipids in the permeability barrier of reptil- 
ian skin and suggest that keratin or scale morphology are of nominal importance in 
limiting water exchange. 
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Table 1. Percutaneous evaporative water flux (milligrams per square centimeter per hour) from 
shed epidermis untreated or with lipids extracted in a mixture of chloroform and methanol. All 
skin samples were taken from the middorsal region. Data are means + standard errors, with 
number of replicates shown in parentheses. 

Species Habitat Untreated Extracted 

Sauria 
Iguana iguana Mesic terrestrial; 1.164 + 0.094 (5) 1.984 + 0. 24 (4) 

semiaquatic 
Serpentes 

Nerodia rhombifera Semiaquatic 0.401 + 0.062 (6) 2.475 + 0.212 (6) 
Nerodia sipedon 

Normal* Semiaquatic 0.409 ? 0.039 (6) 2.677 + 0.056 (8) 
Scaleless* Semiaquatic 0.368 + 0.038 (9) 1.752 + 0.284 (7) 

Elaphe obsoleta Terrestrial 0.142 + 0.017 (6) 2.271 + 0.045 (6) 
0.157 + 0.038 (5) 2.254 + 0.040 (6) 
0.180 + 0.031 (6) 2.769 + 0.141 (5) 
0.202 + 0.012 (4) 2.385 ? 0.070 (5) 
0.219 ? 0.038 (6) 2.250 + 0.071 (6) 

Cerastes cerastes Xeric terrestrial 0.160 + 0.022 (5) 2.170 ? 0.092 (6) 

*These snakes were littermates. 

kept over Drierite in a desiccator (water 
vapor pressure, 0.25 kPa) maintained at 
33?C. We compared CWL from normal 
epidermis and from epidermis that was 
treated to remove lipids or subjected to 
partial keratin denaturation. To remove 
lipids, sheets of epidermis were extract- 
ed for 24 hours in (i) chloroform and 
methanol (2:1), (ii) ethyl ether and eth- 
anol (8:92), (iii) acetone followed by 24 
hours in hexane, or (iv) all three in se- 
quence. In other specimens, keratin 
bonds were partially denatured by (i) 
0. 1N NaOH for 24 hours, (ii) 6M urea for 
24 hours, or (iii) both in sequence (7). In 

Fig. 1. (A and B) Thin-layer chromatograms 
of lipids from middorsal epidermis of E. o. 
obsoleta (Eo). Neutral lipids: sterol ester 
(Ste); wax ester (We); triglyceride (Tri); free 
fatty acid (Ffa); alcohols (Alc); cholesterol 
(Cho); polar lipids (Pol); palmitic acid (Pa); 
methyl oleate (Mo); cholesterol oleate (ChO); 
and standard mixture (Sd) of cholesterol, 
oleic acid, triolein, methyl oleate, and choles- 
terol oleate. Polar lipids: phosphatidylethano- 
line (Pe); phosphatidylserine (Ps); phosphati- 
dylinositol (Pi); phosphatidylcholine (Pc); 
sphingomyelin (Sm); lysophosphatidylcholine 
(Lpc); and standard mixture (Sd) of sphingo- 
myelin, phosphatidylcholine, and phospha- 
tidylethanolamine. After extraction and puri- 
fication, the distribution of neutral and polar 
lipids was demonstrated chromatographi- 
cally. The solvent for neutral lipids consisted 
of hexane, diethyl ether, and formic acid 
(80:20:2) (18); for polar lipids,. the solvent 
consisted of chloroform, methanol, acetic 
acid, and water (25:15:4:2) (19). Lipids were 
made visible by charring after spraying with 
sulfuric acid-dichromate and were outlined 
with ink to enhance contrast. Wax esters were 
verified in a separate procedure with oleoyl 
palmitate used as a reference standard. (C) 
Frozen section of shed middorsal epidermis 
from E. o. obsoleta stained with Oil Red O 
(11) and hematoxylin (x 100). There is a prom- 
inent band of red stain in the mesos layer (m); 
less stain is evident in the alpha (a) and beta 
(b) layers. 
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some specimens, both keratin de 
tion and lipid extraction were per 
sequentially. All of the extracl 
denaturation procedures and wal 
measurements were carried out al 
ological temperatures (8). 

Lipid extraction increased CW 
the epidermis of black rat snakes ( 
obsoleta obsoleta) by more than a 
of magnitude (Table 1). Chlorofo 
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methanol was the most effective extrac- 
tion mixture, producing a roughly 15-fold 
increase in CWL (five replicates). The 
CWL was increased tenfold by the ethyl 
ether and ethanol extraction mixture and 
eight- to ninefold by acetone and hexane 
(five replicates each). Partial denatura- 
tion of protein (7) by NaOH (five repli- 
cates), urea (four replicates), or both in- 
creased CWL only twofold. We infer 
that the lipid barrier to water flux is bidi- 
rectiional, since inverting the epidermis 
of E. o. obsoleta did not change rates of 
water loss (t-test, P < .05). 

Comparisons of CWL in shed skin 
from four species of snake and one lizard 
demonstrated that epidermal perme- 
ability was increased by lipid extrac- 
tion in all five species. As expected, 
rates of water loss from untreated skin 
varied interspecifically and were related 
to habitat (Table 1). After lipid extrac- 
tion CWL rates were similar in all spe- 
cies and ranged between 50 and 70 per- 
cent of evaporative rates from a free 

t physi- water surface. 
Our measurements corroborate find- 

'L from ings (9) that CWL from mutant scaleless 
(Elaphe snakes is the same as that from normal 
.n order scaly conspecifics and show that lipids 
rm and are important in determining perme- 

ability regardless of the presence or ab- 
sence of scales (Table 1). Compared to 
lipids, structural features (either keratin 
or scale morphology per se) are of mini- 
mal importance in limiting water ex- 
change through reptilian skin. 

Using conventional thin-layer and gas- 
liquid chromatography, we identified a 
rather complex mixture of neutral and 
polar lipids in epidermal extracts from E. 
o. obsoleta (Fig. 1). The compositional 
features of the lipid complex resemble 
those of mammalian epidermis and are 
similar to the epicuticular lipids of ar- 
thropods, except that hydrocarbons are 
not predominant (10). Frozen sections Sd 
(10 ,um) of hydrated epidermis from E. o. 
obsoleta were stained with Oil Red O to 
reveal the distribution of lipids within 
the keratinized layers (11). Staining was 
very pronounced but was mostly limited 
to the mesos layer (5) (Fig. 1). After lip- 
id extraction, skin sections were also 
stained to some extent by Oil Red O, in- 
dicating that the lipids in the epidermis 

0 are tightly complexed. Since the lipid ex- 
tractions were not complete, the lipid 
permeability barrier is probably even 

e Sd more significant than the present data in- 
dicate. Routine light microscopy of epi- 
dermis after lipid extraction revealed no 
evidence of structural changes. 

Measurements of CWL from reptiles 
after cellophane stripping of the epi- 
dermis led Maderson et al. (12) to 
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conclude that the "physiological" per- 
meability barrier resides within the alpha 
(probably including the mesos) layer, 
and while it was thought that the beta 
layer could play some role in reducing in- 
tegument permeability, its function was 
interpreted as primarily mechanical. 
Their conclusions are compatible with 
our findings, since the mesos layer was 
disturbed during the cellophane stripping 
(12). 

Since lipids are known to determine 
epidermal permeability in numerous ter- 
restrial organisms, including certain am- 
phibians (13), it is surprising that lipids 
were not investigated previously in rela- 
tion to limiting water exchange in rep- 
tiles. It has been known since the 1950's 
that extracting lipids with organic 
solvents increased the permeability of 
mammalian skin (14), but this informa- 
tion has been overlooked by com- 
parative physiologists (15). In mammals, 
the function of the epidermal per- 
meability barrier apparently depends on 
intercellular lipids derived from epider- 
mal lamellar bodies (Odland bodies, 
membrane-coating granules) (16). Simi- 
lar bodies were found in the reptilian 
mesos layer, but their function remains 
to be clarified (17). 

JOHNNA B. ROBERTS* 
HARVEY B. LILLYWHITE 

Department of Physiology and 
Cell Biology, University of Kansas, 
Lawrence 66045 

References and Notes 

1. P. J. Bentley and K. Schmidt-Nielsen, Science 
151, 1547 (1966); C. Gans, T. Krakauer, C. V. 
Paganelli, Comp. Biochem. Physiol. 27, 747 
(1968); H. D. Prange and K. Schmidt-Nielsen, 
ibid. 28, 973 (1969). 

2. R. M. Chew, Biol. Rev. 36, 1 (1961); _ and 
A. E. Dammann, Science 133, 384 (1961); C. J. 
McCoy, Jr., Vertebrates (Reinhold, New York, 
1968). 

3. See, for example, N. J. Alexander, Z. Zell- 
forsch. Mikrosk. Anat. 110, 153 (1970); M. 
Soule and W. C. Kerfoot, Syst. Zool. 21, 97 
(1972). 

4. A. Martinez-Palomo, D. Erlij, H. Bracho, J. 
Cell Biol. 50, 277 (1971); W. M. Montagna and 
P. F. Parakkal, The Structure and Function of 
the Skin (Academic Press, New York, 1974). 

5. P. F. A. Maderson, J. Zool. 146, 98 (1965); J. 
Morphol. 119, 39 (1966); , B. Flaxman, S. 
Roth, G. Szabo, ibid. 136, 191 (1972). 

6. Both epidermis and nylon net (2 by 3 mm mesh) 
were secured to the top of the container (vol- 
ume, 2.4 ml) by a paraffin seal at the edges and 
were trimmed to conform to the container's cir- 
cumference (4.24 cm). The water-saturated wick 
was separated from the epidermis by a small air 
space. Containers were weighed every 4 hours, 
and rates of water loss were computed from data 
for intervals during which rates of loss were lin- 
ear, indicating the establishment of steady-state 
kinetics. 

7. The NaOH reduces sulfide bonds; the urea splits 
hydrogen bonds. See H. D. Onken and C. A. 
Moyer, Arch. Dermatol. 87, 584 (1963); A. G. 
Matoltsy, A. M. Downes, T. M. Sweeney, J. In- 
vest. Dermatol. 50, 19 (1968). 

8. Extractions and water loss measurements were 

conclude that the "physiological" per- 
meability barrier resides within the alpha 
(probably including the mesos) layer, 
and while it was thought that the beta 
layer could play some role in reducing in- 
tegument permeability, its function was 
interpreted as primarily mechanical. 
Their conclusions are compatible with 
our findings, since the mesos layer was 
disturbed during the cellophane stripping 
(12). 

Since lipids are known to determine 
epidermal permeability in numerous ter- 
restrial organisms, including certain am- 
phibians (13), it is surprising that lipids 
were not investigated previously in rela- 
tion to limiting water exchange in rep- 
tiles. It has been known since the 1950's 
that extracting lipids with organic 
solvents increased the permeability of 
mammalian skin (14), but this informa- 
tion has been overlooked by com- 
parative physiologists (15). In mammals, 
the function of the epidermal per- 
meability barrier apparently depends on 
intercellular lipids derived from epider- 
mal lamellar bodies (Odland bodies, 
membrane-coating granules) (16). Simi- 
lar bodies were found in the reptilian 
mesos layer, but their function remains 
to be clarified (17). 

JOHNNA B. ROBERTS* 
HARVEY B. LILLYWHITE 

Department of Physiology and 
Cell Biology, University of Kansas, 
Lawrence 66045 

References and Notes 

1. P. J. Bentley and K. Schmidt-Nielsen, Science 
151, 1547 (1966); C. Gans, T. Krakauer, C. V. 
Paganelli, Comp. Biochem. Physiol. 27, 747 
(1968); H. D. Prange and K. Schmidt-Nielsen, 
ibid. 28, 973 (1969). 

2. R. M. Chew, Biol. Rev. 36, 1 (1961); _ and 
A. E. Dammann, Science 133, 384 (1961); C. J. 
McCoy, Jr., Vertebrates (Reinhold, New York, 
1968). 

3. See, for example, N. J. Alexander, Z. Zell- 
forsch. Mikrosk. Anat. 110, 153 (1970); M. 
Soule and W. C. Kerfoot, Syst. Zool. 21, 97 
(1972). 

4. A. Martinez-Palomo, D. Erlij, H. Bracho, J. 
Cell Biol. 50, 277 (1971); W. M. Montagna and 
P. F. Parakkal, The Structure and Function of 
the Skin (Academic Press, New York, 1974). 

5. P. F. A. Maderson, J. Zool. 146, 98 (1965); J. 
Morphol. 119, 39 (1966); , B. Flaxman, S. 
Roth, G. Szabo, ibid. 136, 191 (1972). 

6. Both epidermis and nylon net (2 by 3 mm mesh) 
were secured to the top of the container (vol- 
ume, 2.4 ml) by a paraffin seal at the edges and 
were trimmed to conform to the container's cir- 
cumference (4.24 cm). The water-saturated wick 
was separated from the epidermis by a small air 
space. Containers were weighed every 4 hours, 
and rates of water loss were computed from data 
for intervals during which rates of loss were lin- 
ear, indicating the establishment of steady-state 
kinetics. 

7. The NaOH reduces sulfide bonds; the urea splits 
hydrogen bonds. See H. D. Onken and C. A. 
Moyer, Arch. Dermatol. 87, 584 (1963); A. G. 
Matoltsy, A. M. Downes, T. M. Sweeney, J. In- 
vest. Dermatol. 50, 19 (1968). 

8. Extractions and water loss measurements were 
carried out at 33?C, which is probably within the 
range of temperatures at which most squamate 
reptiles are active. See W. R. Dawson [in Per- 
spectives of Biophysical Ecology, vol. 12, Eco- 
logical Studies, D. M. Gates and R. B. Schmerl, 
Eds. (Springer-Verlag, New York, 1975), pp. 
433-473]. Body temperatures of Elaphe o. obso- 

SCIENCE, VOL. 207, 7 MARCH 1980 

carried out at 33?C, which is probably within the 
range of temperatures at which most squamate 
reptiles are active. See W. R. Dawson [in Per- 
spectives of Biophysical Ecology, vol. 12, Eco- 
logical Studies, D. M. Gates and R. B. Schmerl, 
Eds. (Springer-Verlag, New York, 1975), pp. 
433-473]. Body temperatures of Elaphe o. obso- 

SCIENCE, VOL. 207, 7 MARCH 1980 

leta in nature range from 18.2? to 38?C [H. S. 
Fitch, Univ. Kans. Mus. Nat. Hist. Misc. Publ. 
8, 417 (1956)]. 

9. P. Licht and A. F. Bennett, Copeia (No. 4), 702 
(1972); A. F. Bennett and P. Licht, Comp. Bio- 
chem. Physiol. A 52, 213 (1975). 

10. E. Nieminen, E. Leikola, M. Koljonen, U. Kiis- 
tala, K. K. Mustakallio, Acta Derm. Venereol. 
47, 327 (1967); R. Blomstrand, S. Fregert, F. 
Nakayama, ibid. 41, 281 (1961); N. Nicolaides, 
Science 186, 19 (1974); P. Elias, J. Goerke, D. 
Friend, J. Invest. Dermatol. 69, 535 (1977); N. 
Hadley, Insect Biochem. 7, 85 (1977); ibid. 8, 17 
(1978). 

11. Shed skins were hydrated by soaking in water 
for several hours. Sections were stained in a sat- 
urated solution of Oil Red O in isopropanol. 

12. P, F. A. Maderson, A. Zucker, S. Roth, J. Exp. 
Zool. 204, 11 (1978). It is possible that lipids on 
the outer surface of the skin contribute to the 
permeability barrier. However, we have found 
that wiping or briefly soaking snake epidermis in 
solvents does not alter rates of CWL. 

13. V. H. Shoemaker, D. Balding, R. Ruibal, L. 
McClanahan, Jr., Science 175, 1018 (1972); L. 
L. McClanahan, J. Stinner, V. Shoemaker, 
Physiol. Zool. 51, 179 (1978). 

14. G. S. Berenson-and G. E. Burch, Am. J. Trop. 
Med. 31, 842 (1951). 

15. R. I. C. Spearman and P. A. Riley [Zool. J. 
Linn. Soc. 48, 453 (1969)] suggested that lipids in 

leta in nature range from 18.2? to 38?C [H. S. 
Fitch, Univ. Kans. Mus. Nat. Hist. Misc. Publ. 
8, 417 (1956)]. 

9. P. Licht and A. F. Bennett, Copeia (No. 4), 702 
(1972); A. F. Bennett and P. Licht, Comp. Bio- 
chem. Physiol. A 52, 213 (1975). 

10. E. Nieminen, E. Leikola, M. Koljonen, U. Kiis- 
tala, K. K. Mustakallio, Acta Derm. Venereol. 
47, 327 (1967); R. Blomstrand, S. Fregert, F. 
Nakayama, ibid. 41, 281 (1961); N. Nicolaides, 
Science 186, 19 (1974); P. Elias, J. Goerke, D. 
Friend, J. Invest. Dermatol. 69, 535 (1977); N. 
Hadley, Insect Biochem. 7, 85 (1977); ibid. 8, 17 
(1978). 

11. Shed skins were hydrated by soaking in water 
for several hours. Sections were stained in a sat- 
urated solution of Oil Red O in isopropanol. 

12. P, F. A. Maderson, A. Zucker, S. Roth, J. Exp. 
Zool. 204, 11 (1978). It is possible that lipids on 
the outer surface of the skin contribute to the 
permeability barrier. However, we have found 
that wiping or briefly soaking snake epidermis in 
solvents does not alter rates of CWL. 

13. V. H. Shoemaker, D. Balding, R. Ruibal, L. 
McClanahan, Jr., Science 175, 1018 (1972); L. 
L. McClanahan, J. Stinner, V. Shoemaker, 
Physiol. Zool. 51, 179 (1978). 

14. G. S. Berenson-and G. E. Burch, Am. J. Trop. 
Med. 31, 842 (1951). 

15. R. I. C. Spearman and P. A. Riley [Zool. J. 
Linn. Soc. 48, 453 (1969)] suggested that lipids in 

Adenocarcinoma of the colon mucosa 
is a recognized complication of ure- 
terosigmoidostomy, an operation used 
for many years to make up for the loss of 
the bladder in cancer surgery, extrophy 
of the bladder, bladder incontinence, and 
other conditions. The tumor, which de- 
velops adjacent to the junction of the 
ureter with the bowel, occurs 500 times 
as often as in the population at large and, 
in children so operated, 7000 times as 
often as in all persons under age 25. The 
latency period is 5 to 50 years (1). 

In the past two decades, many thou- 
sands of children have had an isolated 
segment of sigmoid colon (a colon "con- 
duit") interposed between their ureters 
and a cutaneous stoma, thus dispensing 
with the need for their abnormal urinary 
bladder. It is not known whether adeno- 
carcinoma will appear in this large 
group, because the etiological mecha- 
nisms behind carcinogenesis in ure- 
terosigmoidostomized patients have not 
been investigated. We used a rat model 
to test our own hypothesis of the etiolog- 
ical factors involved in this continuing 
problem. 

Adenocarcinoma of the bladder is the 
most common kind of tumor developed 
in patients with extrophy of the bladder, 
a rare congenital malformation in which 
microscopic islands of colonic epithe- 
lium are present on the urothelial surface 
of the urine-bathed bladder (2). We hy- 
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pothesized that colonic epithelium is es- 
pecially susceptible to urine-borne car- 
cinogens, and therefore planned long- 
term experiments in which rats were 
treated with carcinogens active in either 
the urinary tract or the gastrointestinal 
tract. The variables were considered to 
be urine, feces, and the two different epi- 
thelia. We joined the urinary stream to 
the colon as in a ureterosigmoidostomy 
or excluded the feces from the urine- 
bathed distal colon segment by a proxi- 
mal colostomy (Fig. 1). Our results clear- 
ly indicate that a rat model is adequate 
for the study of carcinogenesis in ure- 
terosigmoidostomy (Table 1). Adeno- 
carcinoma of the colon appeared adja- 
cent to the junction of the epithelia 
where the urine joined the fecal stream. 
And, contrary to our hypothesis, the co- 
lonic mucosa did not prove to be particu- 
larly susceptible to urine-borne carcino- 
gens. No adenocarcinoma appeared at 
the bladder-colon junction unless feces 
were flowing by. 

To simulate ureterosigmoidostomy in 
rats, we divided the urethra and both 
vasa to free the bladder base with its at- 
tached ureters and lateral vascular ped- 
icles. We resected most of the dome of 
the bladder and used a running 7-0 suture 
of polyglycolic acid to join the remaining 
patch to an opening cut in the anterior 
surface of the rectal wall. To exclude the 
feces and simulate a colon conduit, the 

pothesized that colonic epithelium is es- 
pecially susceptible to urine-borne car- 
cinogens, and therefore planned long- 
term experiments in which rats were 
treated with carcinogens active in either 
the urinary tract or the gastrointestinal 
tract. The variables were considered to 
be urine, feces, and the two different epi- 
thelia. We joined the urinary stream to 
the colon as in a ureterosigmoidostomy 
or excluded the feces from the urine- 
bathed distal colon segment by a proxi- 
mal colostomy (Fig. 1). Our results clear- 
ly indicate that a rat model is adequate 
for the study of carcinogenesis in ure- 
terosigmoidostomy (Table 1). Adeno- 
carcinoma of the colon appeared adja- 
cent to the junction of the epithelia 
where the urine joined the fecal stream. 
And, contrary to our hypothesis, the co- 
lonic mucosa did not prove to be particu- 
larly susceptible to urine-borne carcino- 
gens. No adenocarcinoma appeared at 
the bladder-colon junction unless feces 
were flowing by. 

To simulate ureterosigmoidostomy in 
rats, we divided the urethra and both 
vasa to free the bladder base with its at- 
tached ureters and lateral vascular ped- 
icles. We resected most of the dome of 
the bladder and used a running 7-0 suture 
of polyglycolic acid to join the remaining 
patch to an opening cut in the anterior 
surface of the rectal wall. To exclude the 
feces and simulate a colon conduit, the 

0036-8075/80/0307-1079$00.50/0 Copyright ? 1980 AAAS 0036-8075/80/0307-1079$00.50/0 Copyright ? 1980 AAAS 

Rat Model for Carcinogenesis in Ureterosigmoidostomy 

Abstract. A rat model is used to study the carcinogenesis that occurs when urine is 
surgically diverted into the fecal stream, as in ureterosigmoidostomy. Adenocarci- 
noma of the colon occurs adjacent to the urine inlet. It is completely prevented by 
proximal diversion of the feces, implying that fecal carcinogens are activated locally 
by the urine or the urothelium. 
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