
3) The hypothesis we favor is that this 
imitation is based on the neonate's ca- 

pacity to represent visually and proprio- 
ceptively perceived information in a 
form common to both modalities. The in- 
fant could thus compare the sensory in- 
formation from his own unseen motor 
behavior to a "supramodal" representa- 
tion of the visually perceived gesture and 
construct the match required (7). In 

brief, we hypothesize that the imitative 

responses observed are not innately or- 

ganized and "released," but are accom- 

plished through an active matching pro- 
cess and mediated by an abstract repre- 
sentational system. Our recent obser- 
vations of facial imitation in six new- 
borns-one only 60 minutes old-sug- 
gest to us that the ability to use inter- 
modal equivalences is an innate ability of 
humans. If this is so, we must revise our 
current conceptions of infancy, which 
hold that such a capacity is the product 
of many months of postnatal devel- 

opment. The ability to act on the basis of 
an abstract representation of a per- 
ceptually absent stimulus becomes the 

starting point for psychological devel- 

opment in infancy and not its culmina- 
tion. 
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Transplantable Pancreatic Carcinoma of the Rat 

Abstract. Pancreatic carcinoma, which developed in a male Fischer 344 rat fed 0.1 

percent nafenopin for 20 months, is being successfully transplanted into weanling 
rats. The tumor cells contain variable numbers of zymogen granules, and the endo- 

plasmic reticulum and the Golgi apparatus appear prominent. This transplantable 
tumor, which displays substantial amylase and lipase activity, should serve as a 

useful model system for immuno- and chemotherapeutic experiments, as well as for 
the study of synthesis, storage, and release of zymogen proteins in neoplastic cells. 
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Epidemiological studies indicate an 

unequivocal increase in the incidence of 

pancreatic carcinoma in several coun- 
tries during the past three decades (1, 2). 
In the United States, pancreatic carci- 
noma ranks as the fourth most common 
cause of death by cancer, exceeded only 
by cancer of the lung, large bowel, and 

breast (2). Difficulty in early diagnosis, 
as well as lack of adequate knowledge of 
its biological behavior, appear to be ma- 

jor factors contributing to the poor prog- 
nosis of pancreatic carcinoma in humans 

(3). Since several studies suggest that 

pancreatic cancer in man may be etio- 

logically related to exogenous chemicals 
and thus preventable (4), attempts are 

Epidemiological studies indicate an 

unequivocal increase in the incidence of 

pancreatic carcinoma in several coun- 
tries during the past three decades (1, 2). 
In the United States, pancreatic carci- 
noma ranks as the fourth most common 
cause of death by cancer, exceeded only 
by cancer of the lung, large bowel, and 

breast (2). Difficulty in early diagnosis, 
as well as lack of adequate knowledge of 
its biological behavior, appear to be ma- 

jor factors contributing to the poor prog- 
nosis of pancreatic carcinoma in humans 

(3). Since several studies suggest that 

pancreatic cancer in man may be etio- 

logically related to exogenous chemicals 
and thus preventable (4), attempts are 

Fig. 1. (A) Histological appearance of the 
original pancreatic carcinoma from a male 
Fischer 344 rat treated with nafenopin for 20 
months. Acinar differentiation is evident, and 
numerous mitoses are present. (Hematoxylin 
and eosin; x80.) (B) Subcutaneous transplant 
of pancreatic carcinoma (second generation), 
fixed in 2.5 percent glutaraldehyde in 0. 1M cac- 
odylate buffer, pH 7.4, for 30 minutes and 
then in 1 percent OSO4. This section (0.5 ,tm 
thick) of plastic-embedded tissue shows nu- 
merous secretory granules in the cytoplasm of 
tumor cells. (Toluidine blue; x450.) 

Fig. 1. (A) Histological appearance of the 
original pancreatic carcinoma from a male 
Fischer 344 rat treated with nafenopin for 20 
months. Acinar differentiation is evident, and 
numerous mitoses are present. (Hematoxylin 
and eosin; x80.) (B) Subcutaneous transplant 
of pancreatic carcinoma (second generation), 
fixed in 2.5 percent glutaraldehyde in 0. 1M cac- 
odylate buffer, pH 7.4, for 30 minutes and 
then in 1 percent OSO4. This section (0.5 ,tm 
thick) of plastic-embedded tissue shows nu- 
merous secretory granules in the cytoplasm of 
tumor cells. (Toluidine blue; x450.) 

being made to develop suitable animal 

models of this cancer (5) which could 

serve as an effective system for various 

experimental manipulations aimed at 

preventing or altering the natural pro- 

gression of the disease. Here we de- 

scribe a transplantable pancreatic carci- 

noma of the rat which is capable of pro- 

ducing amylase and lipase. 
The primary tumor developed in the 

pancreas of a male Fischer 344 rat that 

was fed nafenopin (2-methyl-2-[p-(l, 2, 

3, 4-tetrahydro-1 -naphthyl)phenoxy ]pro- 

pionic acid; Su-13437), at a dietary con- 

centration of 0.1 percent for 20 months. 

Nafenopin is a potent hepatic peroxisome 
proliferator (6) and, as reported elsewhere 

(7), the majority of rats fed this compound 

develop liver tumors. The primary pancre- 
atic tumor was highly vascular, measured 

6 cm in diameter, and contained several 

cystic spaces filled with straw-colored 

fluid. Metastases were present in the liv- 

er. Histologically, the tumor was a well- 

to-poorly differentiated pancreatic acinar 
carcinoma originating from exocrine tis- 

sue (Fig. 1A). On electron microscopic 
examination, the primary pancreatic car- 

cinoma cells revealed large nuclei with 

prominent nucleoli; the cytoplasm dis- 

played abundant rough endoplasmic re- 

ticulum and prominent Golgi apparatus. 
Numerous zymogen granules were also 

seen in the tumor cells. Portions of this 

primary tumor were minced and diluted 
in sterile normal saline for inoculation in- 

to the peritoneal cavity at laparotomy, 
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Fig. 2 (left). (A) Electron microscopic appearance of a subcutaneous transplant of pancreatic . 
carcinoma (third generation). Rough endoplasmic reticulum and zymogen granules are promi- 
nent. (x2000) (B) Fourth generation subcutaneous transplant. Ribosomes and endoplasmic re- , - 
ticulum are prominent. Some zymogen granules are pleomorphic and consist of fibrillar materi- 
al. Tissue fixed in glutaraldehyde and OsO4 as in Fig. lB. (x 11000) Fig. 3 (right). Light micrograph of dissociated tumor cells from the fifth 
generation transplantable pancreatic carcinoma. The section (0.5 A/m thick) of Epon-embedded, partially washed cells was stained with toluidine 
blue. The tumor cells are generally spherical and many contain zymogen granules. (x780) 

into five male weanling Fischer 344 rats 
weighing 50 to 80 g. Subsequent trans- 
plantations were performed in weanling 
rats either intraperitoneally, or subcuta- 
neously in the inguinal region. 

The primary transplants became pal- 
pable within 6 weeks. The size of these 
tumor transplants increased progressive- 
ly thereafter, causing abdominal dis- 
tension and peritoneal hemorrhage. The 
subcutaneously transplanted tumors, 
from second generation onward, usually 
became palpable within 3 weeks. The an- 
imals with subcutaneously transplanted 
tumors survived 3 to 5 months, whereas 
rats bearing intraperitoneally trans- 
planted tumors died within 3 months. 
Histologically, the tumor remained mod- 
erately to poorly differentiated through- 
out the first five generations. Zymogen 
granules were observed in tumor cells 
(Fig. 1B) of both subcutaneous and intra- 
peritoneal tumor transplants. At the ul- 
trastructural level, the rough endoplas- 
mic reticulum and the Golgi apparatus 
appeared prominent; no significant dif- 
ference in the subcellular differentiation 
between subcutaneous and intraperi- 
toneal tumor transplants was noted. 
The number of zymogen granules varied 
somewhat in tumor cells (Fig. 2, A and 
B). When these tumors were less than 1 
cm in diameter, that is, during the initial 
growth period, the tumor cells contained 
an occasional zymogen granule. Tumors 
larger than 2 cm in diameter were very 
vascular and contained cystic spaces filled 
with fluid rich in amylase and lipase 
activity. The number of tumor cells con- 
taining zymogen granules appeared to in- 
7 OCTOBER 1977 

crease with tumor size. Zymogen gran- 
ules were seen in tumor cells throughout 
the first five transplant generations. Ir- 
regular bundles of microfilaments were 
also present in the cytoplasm of many 
cells. The apical junctional complex be- 
tween adjacent tumor cells resulted in 
the formation of a lumen revealing pro- 
jections of microvilli. Other junctional 
complexes such as desmosomes were al- 
so present. Currently, the tumor is in its 
sixth transplant generation. 

This transplantable pancreatic carci- 
noma is easily dissociable into individual 
cells by enzymatic digestion, divalent cat- 
ion chelation, and gentle shearing (8). A 
relatively homogeneous, viable, and 
functionally active tumor cell population 
can be obtained (Fig. 3). The dispersed 
pancreatic carcinoma cells, though 
spherical, appear to retain the polarized 
distribution of zymogen granules in the 
cytoplasm. 

The serum lipase as well as amylase 
activity increased substantially in rats 
bearing transplantable pancreatic carci- 
noma. (The serum amylase activity in tu- 
mor-bearing rats was 25300 ? 4200 units 
per 100 ml, whereas the control value 
was 863 + 61 units per 100 ml; lipase ac- 
tivity in tumor-bearing rats was 
6610 ? 840 units per 100 ml, whereas the 
control value was 100 + 10 units per 100 
ml.) Homogenates of the pancreatic car- 
cinoma displayed approximately one- 
third of the amylase and lipase activity of 
the normal pancreas (9). 

The transplantable pancreatic carci- 
noma described here may provide a use- 
ful model for immunotherapy and 

chemotherapy experiments. Although 
the majority of pancreatic carcinomas in 
man are believed to be of ductal origin 
(10), this transplantable tumor may yield 
some worthwhile information about the 
biological properties of pancreatic carci- 
noma in general. In addition, this tumor 
will be useful in investigating the syn- 
thesis and transport of zymogen proteins 
(11) in neoplastic cells, and in elucidating 
the mechanisms of hormonal action on 
pancreatic acinar cell function 
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Friedman and Iwai (1) showed that 
psychic stress can produce some degree 
of hypertension in rats. This effect was 
shown in rats that give a strong hyper- 
tensive reaction to excessive salt in- 
gestion but not in rats that were not se- 
lected for this characteristic. Friedman 
and Iwai conclude that "there is still in- 
sufficient evidence to allow attributing to 
stress a primary etiological role in essen- 
tial hypertension." 

The failure of Friedman and Iwai to 
produce hypertension in unselected rats 
agrees with other studies in which elec- 
trical shock or other unpleasant physical 
stimuli were used as stressors; in these 
studies it proved difficult to demonstrate 
marked lasting changes in blood pressure 
(2). Other studies, however, have dem- 
onstrated lasting and clear changes in 
blood pressure after exposure to stress. 
How do the studies that show such 
changes differ from those which do not? 
It appears that the nature of the stressor 
is important. If the experimental animals 
are confronted with conspecifics (3) or 
species enemies (4) in agonistic encoun- 
ters, marked and lasting hypertensive re- 
actions can be shown. Such reactions 
may be highly specific, as suggested by 
the opposing responses of the iliac artery 
of a cat confronted with another cat or a 
dog (5). In some species, local vascular 
responses to agonistic encounters with 
conspecifics can be extremely strong. 
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Tree shrews, for instance, may die of 
uremia after repeated exposure to such 
encounters; the uremia was presumably 
caused by severe and lasting constriction 
of the renal arteries (6). 

Different stressors are probably not 
equally effective in activating the mecha- 
nism underlying hypertension. One di- 
mension along which stressors can differ 
is in the type and intensity of emotional 
reactions they produce (7). It may be ar- 
gued that as far as the experimental pro- 
duction of hypertension through psychic 
stress is concerned, stress imposed by 
physical means, such as electrical shock, 
is less effective in eliciting strong appro- 
priate emotional reactions than stress 
imposed through encounters with spe- 
cies enemies or conspecifics. Thus, in es- 
tablishing an animal model of hyper- 
tension produced by psychic stress it 
may prove useful to take into account 
the differential sensitivity of mechanisms 
underlying hypertension to stressors dif- 
fering in nature. 
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Peters suggests that the nature of the 
stressor is the crucial variable in the de- 
velopment of stress-induced blood pres- 
sure elevations. On the basis of our re- 
search, we concur that this is an impor- 
tant factor to consider when assessing 
the etiological significance of stress in 
the pathogenesis of hypertension. We 
had demonstrated that the simple appli- 
cation of electrical shocks or severe food 
deprivation did not produce hyper- 
tension in salt-sensitive rats (1). How- 
ever, placing these rats in a conflict situ- 
ation in which responses resulted in elec- 
trical shocks and food deprivation did 
elevate the blood pressure. These spe- 
cially bred rats have exhibited blood 
pressure sensitivity to a variety of puta- 
tive hypertensinogenic stimuli. It is now 
appropriate to list psychological stress, 
that is, conflict, among them. The eleva- 
tions in blood pressure we obtained us- 
ing conflict were much less pronounced 
and persistent than those obtained using 
other stimuli (2). It is possible that ex- 
posing these rats to other types of stress 
which presumably affect the higher por- 
tions of the central nervous system, such 
as confrontation with conspecifics or 
species enemies, would result in hyper- 
tension as severe as that observed upon 
exposure to a high-salt diet or renal ar- 
tery constriction. However, we maintain 
that until such a demonstration has been 
reported, there still is insufficient evi- 
dence to attribute to stress a primary 
etiological role in essential hypertension. 
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