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Immunologic Competence and Induction of Neoplasms by Polyoma 
Virus. (30311) 

L. W. LAW AND R. C. TING 
National Cancer Institute, Bethesda, Md.  

The development of immunologic compe- 
tence is impaired in most strains of mice 
subjected to neonatal thymectomy. This is 
not an absolute impairment since the capacity 
to respond to some antigens appears unaf- 
fected( 1,2). The ability to reject allogeneic 
grafts of normal or neoplastic tissues how- 
ever appears to be generally influenced and 
detectable especially when antigenic differ- 
ences are slight, for example, if donor and 
recipient share the same histocompatibility-2 
(H-2) gene. In some strains this impair- 
ment of homograft rejection is observed even 
in mice thymectomized as late as 6 days, 
and in one strain combination as late as 30 
days (3). 

The animal with a deficient immune mech- 
anism is therefore useful for a study of host 
resistance to spontaneous and experimentally 
induced neoplasms, particularly to #those neo- 
plasms which are known to {be antigenic in 
the syngeneic or autochthonous host (4-9) and 
which would  be expected to initiate a homo- 
graft-type reaction. The frequency and pro- 
gression of neoplasms induced by certain 
chemical carcinogens ( 10) and by polyoma 
virus(l1-13) are indeed reported to be in- 
fluenced by neonatal thymectomy and at 
least .in the case of polyuma-induced neo- 
plasms, the evidence suggests that the im- 
munologic capacity of the host governs sus- 
ceptibility and resistance to tumor induction 
(14) 

In CS7BL/6JN mice thymectomy within 
24 hours of birth led to a higher frequency 
of tumors a t  many different sites following 
injection with S-polyoma virus( 15). In the 
highly resistant C5 7BL/KaLw strain thymec- 
tomy performed within 24 hours of birth or 
later a t  3 days led to a striking susceptibility 
to the oncogenic effects of the LID1 strain 
of polyoma virus when virus was injected 
shortly after thymic abla4ion( 13,14). In 
C57BL mice thymectomized at  7 days and 
irradiated at  21 days of age polyoma virus 
initiated neoplasms when introduced as late 

as 60  days of age( 16) ; whole body irradia- 
tion alone, however, of adult C3H mice has 
been shmn to increase susceptibility to poly- 
oma virus ( 17). Restoration of 1-day thy- 
mectomized mice through the introduction 
of competent adult spleen cells provided the 
ability to resist the oncogenic effects of virus 
(14), in the absence of thymic tissue. 

As a continuation of studies of the role of 
the thymus in tumor induction with polyoma 
virus we have examined the following: 1) The 
response to virus of other resistant and sensi- 
tive strains of mice thymectomized at 3 days 
of age. Thymectomy at  this time prevents 
the “wasting” characteristic of the strains 
employed in this study, 2 )  The response to 
polyoma virus of restored 3-day thymecto- 
mized aC57BL mice. Restoration was accom- 
plished by intravenous injection of dissociated 
syngeneic adult spleen cells, by subcutaneous 
thymic grafts or by syngeneic thymic tissue 
in cell impermeable Millipore diffusion cham- 
bers, 3) Study of the effect of neonatal thy- 
mectorny on prolongation of the susceptilble 
age to ,polyoma virus oncogenesis; normal 
mice older than 2 weeks of age are usually 
insensitive to the oncogenic influence of poly- 
oma virus, and lastly, 4) A study of polyoma 
virus growth curves and of antiviral anti- 
body formation in thymectomized C57BL 
mice and their intact litter mates. The pos- 
sibility exists among others that differences 
in virus gruwth rates in thpec tmized  vs in- 
tact mice may account for differences in SUS- 
ceptibility to polyoma virus. 

Material and methods. Mice: Inbred 
C57BL/KaLw, C3Hf/Lw, C3Hf/Bi, and an 
F1 hybrid C57BL/KaLw X C3Hf/Lw, (B1 
X C3H)F1 were all raised in this laboratory. 
Polyoma-type neoplasms developing spon- 
tanmusly within our inbred colonies over the 
past 10 years have been rare. 

Virus: For the most part, a standardized 
large plaque polyoma virus stock( 18) has 
been used. This was derived from the LID-1 
strain. In a limited number of experiments 
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Dulbecco’s small plaque variant, S/M, was 
used. Both were grown on mouse embryo 
cells. In mice 20 days or younger 0.05 ml 
was usually injected subcutaneously while in 
those recipients older than 20 days 0.1 ml 
was used; specific details are given in the 
Tables. These inocula represented concentra- 
tions of virus of 2 x lo6 and 4 x 106 plaque 
forming units (PFU). 

Thymectomy: Thymectomy or sham-opera- 
tion were performed on mice at  3 days of age, 
except when otherwise noted, by a method 
adapted ?from Miller( 19). Littermate con- 
trols (either sham-operated or intact) were 
maintained for each litter. 

Restoration procedures: Dissociated spleen 
cells from adult 4- to 6-week-old syngeneic 
donors were prepared according to the method 
of Billingham(20) except that Hanks’ solu- 
tion was used and the cells were washed 3 
times #before injection. Each recipient received 
a t  4 days of age, i.e., at 1 day following thy- 
mectomy, unless otherwise noted, 6 to 12 X 
10s spleen cells inoculated intravenously by 
way of the orbital branch of the anterior 
facial vein. 

Syngeneic thymic grafts obtained from neo- 
natal donors were implanted in the suhu- 
tanmus tissues in the right axillary region. 
The graft was placed in the implantation site 
with curved forceps from a ventral incision 
using anesthetized recipients. Male to male 
and female to female donors and recipients 
were used. 

The cell-(impenneable Millipore@ chambers 
used have been described( 2 1). In  the present 
study a smaller chamber, 10 mm diameter, 
was used with Millipore membranes of an 
average pore size of 0.45 p. An entire thymus 
from neonatal syngeneic donors was used. 
The chambers were installed intraperitoneally 
when the thymectomized recipients were 2 
weeks of age. 

Histology: Sections of neoplastic and sus- 
pected neoplastic tissues as well as lymphoid 
tissues were routinely fixed in Tellyesniczky’s 
fluid and stained with hematoxylin and eosin. 
Microscopic sections were taken of the upper 
mdiastinal area when gross observation sug- 
gested the presence of a thymic remfnant. 
Those animals incompletely thymectomized 
are not included in the tabulations. 

Virus growth studies and heinaggZutination 
inhibidion antibodies: C5 7BL mice thymecto- 
mized at 3 days of age and their intact litter 
mates were infected with 1 x lo” plaque- 
forming units (PFU) per mouse of LID-1 
virus at day 7. At various times after infec- 
tion 3 mice from each group were sacrificed 
and kidneys, livers and salivary glands pooled 
separately and weights determined. These 
were suspended in 1 ml [buffered saline and 
kept frozen at -70°C until assay. The tis- 
sues were homogenized and cellular debris re- 
moved by 3 cycles of low speed centrifugation 
at 1000 X g. The concentrations of virus 
were assayed in these supernates by the 
method of Dubecco and Freeman( 18) and 
expressed as PFU per 0.1 g of tissue. 

Hemagglutination-inhibition antilbody (HI) 
titers against the LID-1 strain of polyoma 
virus were determined in 3-day thymecto- 
mized mice and their intact litter mates ac- 
cording to  the method of Rowe et aZ(22). 
Six of each group received 1 X l@ PFU of 
virus at day 7, and titers were determined at 
several times from 4 to 30 days later. One 
gamma (y) of #blood was drawn from the tail 
of each mouse and diluted 100-fold in buffer. 
Each mouse was then bled successively. The 
microtiter technique( 23) was used to deter- 
mine HI antibody titers. 

Results. The usual stigmata associated 
with thymectomy performed within 24 hours 
of birth were not observed in our 3-day thy- 
mectomized mice. Growth curves of thymec- 
tomized and intact litter mates were similar. 
There was little or no evidence of “wasting” 
and there did not occur in general lymphoid 
depletion in organs or in peripheral blood as 
determined in the C57BL and C3’H strains. 
C3H mice rejected AKR skin graPts normally 
and the mean hemolysin titers a t  7 days to 
sheep erythrocytes were similar to intact litter 
mates. It is known, however, that t h p e c -  
tomy at this time still has an effect on the 
development of immunologic reactivity to 
certain antigenic stimuli (14). 

A high frequency of polyoma-type neo- 
plasms principally of the parotid salivary 
glands was observed in all strains of mice 
thymectomized at 3 days of age especially 
if virus was introduced within the first week 
of life (Table I). In addition, the period of 
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TABLE 11. Response of Thymectomized and Restored 057BL Mice to LID-1 S t r a h  of Polyoma Virus. 

No. No. with tumors/ Latent period 
Group Litters Effective No. mice Mean and (range) Remarks 

A Thymectomized at 3 days 

ciated spleen cells 
Thymectomy + d i m -  21 

Sham and intact* 

B Thymectomy at 1-3 days 
Thymect + Millipore 12 

chambers containing 
neonatal thymus at 
14 days 

Intact 

C Thymectomy at 1 day 
Thymectomy + syngeneic 7 

Intact 
thymic graft  a t  1 day 

20/31 (65%) 
2/29 ( 7%) 

0/42 

9/24 (38%) 
1/ 8 (12.5%) 

2% (2-4) mo 

” I 597 

6 (3-12) ” 
1% 

” 1 
0/20 

9/12t(75%) 
2/12$(17%) 

0/30 

LID-1 polyoma virus 
injected subcutane- 
ously at 13 to 18 days 
4 X 106PFU/mouse 

Polyoma virus injected 
subcutaneously at 20-30 
days 4 X lo6 PFU/ 
mouse 

2% (2-4) ” 1 

” i 354,9 Polyoma virus given 
at 14 days 2 x 10% 
PFU/mouse 

~ 

* No differences in  response between sham-operated and intact mice; other controls in B and C were 

t Two mice died of “wasting” before tumor induction. 
$ One animal died “wasted” but with a parotid gland neoplasm at 3% months of age. 

therefore not given a sham opexation. 

sensitivity to the oncogenic effects of polyoma 
virus was considerably lengthened, 38% of 
C57BL mice, for example, developing parotid 
gland neoplasms when injected with virus as 
late as 30 days of age (Table 11, Fig. 1 ) .  
Intact mice of most strains older than 2 weeks 
at the time of polyoma virus injection usually 
do not develop polyoma- type neoplasms ( 2 5 ) . 
The intact or sham-operated mice used in the 
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FIG. 1. Frequency of parotid gland neoplasms 
in G57BL mice thymectonized at 3 days. Polyoma 
virus infection, 2-4 x 10“ P F U  initiated at time in- 
dicated. Average latent periods for neoplasms in 
months given above each point. 

present study, except for C3Hf/Bi, were 
highly resistant to the concentration of LID-1 
virus even when introduced early in life. 

The response to polyoma virus of C57BL 
and F1 mice thymectomized within 24 hours 
of #birth is shown for comparison in Table I. 

Pardid gland tumors were also observed 
in thymectomized C3sHf/Lw mice given the 
relatively non-oncogenic small plaque, S/M, 
polyoma variant although the latent period 
was considerably lengthened over that ob- 
served in thymectomized mice given the LID- 
1 strain. Malmgren et aZ( 1 S )  have observed 
an increase in the frequency of polyoma- 
induced neoplasms in thymectomized mice in- 
fected with an “attenuated” strain of virus 
(M-polyoma) . 

The highest frequency and multiplicity of 
polyoma-type tumors was observed in the 
susceptible C3Hf/Bi strain of mice. Here, 
although LID-1 virus was given late, at 8-14 
days of age, multiple neoplasms were found 
in most 3-day thymectomized mice. In  addi- 
tion to salivary glands, the sites involved 
were mammary glands, hair follicles, sulbcu- 
taneous connective tissue, kidney and bone. 
In  contrast, in thymectmized CS7BL strain 
mice, )the neoplasms were .for the most part 
localized to the salivary glands. 

Interestingly, the F1 ,hybrid obtained by 
crossing 2 strains CS7BL and C31Hf/Lw both 
resisting LID-1 strain polyoma virus onco- 
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genesis, appear in this study to be more in- 
sensitive than either parental strain except 
in tthvse FI mice thymectomized within 1 day 
of &birth. 

Fig. 1 shows that there is a decreasing 
response of 3-day thymectomized C5 7BL mice 
to 2 to 4 X log PFU polyoma virus as the 
animal matures, although there remains a 
relatively high degree of sensitivity if polyoma 
virus is given as late as 30 days after thymec- 
tomy. This m y  represent development with 
age of immunologic competence It0 the extent 
of providing some resistance to polyoma virus. 
This age-response was not tested lbeyond 30 
days of age; however it is suggested from the 
work of Dalmasso et a2(26), who studied 
graft vs host reactivity and in our studies of 
“room infection” with polyoma virus (2  7 ) ,  
that the early thymectomized ani.mal does 
not attain a degree of immunologic function 
c‘haracteristic of the intact or sham-operated 
litter mates. 

Immunchgical defects resulting from early 
thymectomy, lymphoid cell depletion and fail- 
ure of growth in those strains of mice which 
s h m  “wasting” all can )be prevented by sev- 
eral methods: 1)  grafting of newborn thymic 
tissue, 2 )  administration of adult lymphoid 
cells from syngeneic donors, or 3) intraperi- 
toneal installation of cell-tight Millipore 
chambers containing neonatal thymic tissue 
(21,28) .  I t  will ;be seen in Table I1 that all 
3 methods of restoration prevented the in- 
duction \by polyoma virus of the usual poly- 
om-type neoplasms encountered in thymecto- 
mized mice. In group A, splenic cells from 
adult syngeneic donors were effective whether 
given intravenously, 6 to 12 X log dlissociated 
cells a t  4 days of age or intraperitoneally, 
3 X 10‘ cells a t  7 days and again at  9 days 
of age. The results were similar in the 2 
groups and are combined in the Table. 

Millipore@ chambers were recovered a t  12 
months from the restored C57BL mice in 
Group B. In all, the mass of existing tissue 
was principally necrotic lbut viable tissue was 
observed in the form of fibroblasts and nests 
of epithelial-reticular cells. Thymic tissue in 
Millipore chambers was as effective as neo- 
natal syngeneic thymic grafts in restoring the 
ability of C57BL mice to resist induction of 
tumors by polyoma virus. Fig. 2 shows the 

C57 BL THYMECTOMIZED AND RESTORED 
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FIG. 2. Frequency of parotid gland neoplasms 
in the 3 groups of 3-day thymectomized 057BL 
mice, T z thymectomy, C =intact, T + S = thy- 
mecbmized mice restored with addt spleen cells, 
T + MC=thymectomized mice bearing Millipwe 
diffusion chambers with thymic t ime,  T + G = 
thpec tmnized  mice bearing syngeneic thymic 
grafts. Age in b y s  at which LID-1 polyoana virua 
wm injected is given above each group. 

relative effects of restoration by the 3 meth- 
ods employed. 

The effectiveness of adult spleen cells from 
syngeneic donors in restoring the potentiality 
to resist polyoma virus oncogenesis was more 
striking in these studies than previously 
found, employing 1-day thymectomized C57- 
BL mice(14). In the present experiments 
virus was injected from 9 to 14 days after 
introduction of dissociated spleen cells where- 
as previously only 2 days’ time elapsed be- 
tween introduction of spleen cells and injec- 
tion with virus. 

Fig. 3 shows the relative growth patterns 
of polyoma virus in kidneys, livers and the 
salivary glands of thymectomized and litter 
mate control C57BL mice from 4 hours to 18 
days after introduction of virus. It is clear 
that there are no striking differences in these 
growth curves nor are there any differences 
in the mean H I  antibody titers measured 
from 4 Ito 3 0  days after introduction of poly- 
oma virus (Table 111). 

Discussion. Surgical removal of the thymus 
at 3 days of age in C57BL, C3Hf/Lw, (B1 X 
lC3H)F1 and C3Hf/Bi mice has led to a 
strikingly increased frequency of parotid 
gland neoplasms especially if polyoma virus 
was administered within the first week of life. 
Also, the period of susceptibility to Ithe onco- 
genic property of virus was extended to a t  
least 30 days of age in CS7BL mice. The 
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FIG. 3. Growth curvm for LID-1 pollyoma virus 
in 3-day thymectcmized C57BL mice and their in- 
tact litter mates. LID-1 strain of virus (1 X 1P 
PFU)  given at 7 days of age. Three mice in each 
group were sacrificed at various times from 4 hours 
to 18 days after infection for determination of 
virus concentration in various organs. 

usual stigmata associated with neonatal thy- 
mectomy were not encountered in these 3-day 
thymectomized mice; nevertheless the meth- 
ods used to restore the immunologically de- 
ficient neonate, introduction of adult syn- 
geneic spleen cells (C57BL), neonatal thymic 
grafts or thymic tissue in cell-impermeable 
Millipore diffusion chambers were found ef- 
fective in this study in restoring the poten- 
tiality to resist tumor induction Iby polyoma 
virus. The more effective restoration achieved 
in this study over that reported earlier using 
1-day thymectomized mice( 14) is in all prob- 
ability related to the longer time interval be- 
tween introduction of spleen cells and infec- 
tion with virus. 

The most plausible explanation for these 
results is that resistance to polyoma virus 
oncogenesis is related directly to a cellular 
immunity of the homograft type invoked 
against virus-specific new antigen (7,8) con- 
tained in the neoplastic cells. In the immuno- 
logically disturbed animal these "new" anti- 

'!';''l 6 8 
TlVE '. A Y S  

TABLE 111. Average Hemagglutination-Inhibi- 
tion (HI) Antibody Titers After Polyoma Virus 

Infection of C57BL Mice.* 

nays  after infection with virus 
Group 4 10 15 21 30 

Control <lo0 250 465 1200 1600 
Thymectomized <lo0 100 500 1320 2000 

* S i x  thymeatomized mice and 6 matched litter 
mates infected with LID-1 polyoma virus (1 X lo6 
PFU/mouse) on day 7. 

gens are not capable of provoking an effective 
immunological attack on the cells transformed 
to n q l a s i a  by polyoma virus. These clones 
of cells therefore grew progressively into frank 
neoplasms. In the immunologically compe- 
tent animal, either intact or restored, neo- 
plastic conversion occurs but such cells are 
aborted by a successful homograft-type reac- 
tion. No direct histologic evidence is at hand 
however to demonstrate such abortive con- 
versions. Immunologic repair is accomplished 
in the thymectmized C57BL mouse by all 
of the 3 methods attempted here to the ex- 
tent of permitting adequate homograft re- 
jection and thus repressing the origin of neo- 
plastic cells. 

Conceivably, the absence of thymic tissue 
could enhance polyoma virus growth leading 
to an earlier and greater concentration of 
virus in the target organs. The highly on- 
cogenic S-polyoma virus, for example, showed 
a 1000-fold greater titer a t  5 days after early 
infection than did the M-polyoma low-onco- 
genic variant(29). It is clear from the re- 
sults ,reported here that virus growth curves 
for LID-1 polyoma virus are similar in intact 
and thymectomized mice and that the virus 
growth pattern is not a significant factor in 
the increased sensitivity of thymectomized 
mice. 

Previously(9,13) i t  was nded that anti- 
viral antilbody titers (HI) determined at 3 
weeks or later following infection were not 
strikingly different in thymectomized and in- 
tact litter mates, conhrming the w r k  of 
others( 11,12). In the present study HI anti- 
body tilters were measured several times from 
4 days to 30 days after infection and, as sus- 
pected from the virus growth patterns, no 
significant differences were detected. 

It is suggested by recent reports(29,30) 
that interferon plays some part in polyoma 
virus oncogenesis. Determinations of inter- 
feron levels were not made in the present 
study. However, according to the findings of 
Friedman and Rabson( 29) the growth curves 
of virus in intact and thymectomized mice 
should differ if different levels of interferon 
are produced in the 2 groups. The fact that 
virus growth curves were similar in the intact 
and thymectomized mice in all 3 organs ex- 
amined suggests that difference in interferon 
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production is not a major factor in increased 
sensitivity to polyoma virus. 

Early thymectomy in the rat is associated 
with an increased sensitivity to polyoma virus. 
In this species a 4-fold increase in frequency, 
particularly of kidney sarcomas, has been re- 
ported following total t h p i c  removal a t  birth 
and polyoma virus inoculation immediately 
after thymectorny ( 1 1 ) .  In the Syrian ham- 
ster two aspects of polyoma virus tumorigene- 
sis appear to be affected: 1 )  liver hemangi- 
oma frequency !is increased in those individu- 
als thymectomized at  birth, virus being given 
at  6 months of age and, 2 )  thymectomized 
hamsters appear to have more multiple tu- 
mors a t  sites involving: heart, kidney, and 
the subcutaneous connective tissues a t  the 
site of inoculation of virus( 16). In  neither 
the thymectomized rat nor the Syrian ham- 
ster, however, is [there definitive evidence that 
increased sensitivity (decreased resistance) to 
polyoma virus oncogenesis has an immuno- 
logic ibasis, although the findings of Defendi 
and Koprowski ( 3  1 ) are highly suggestive. 

The results presented here are consistent 
with the concept that in animals that are in a 
condition of immunologic inadequacy, as a 
result of early thymectomy, malignant con- 
version by polyoma virus is more readily 
achieved than in immunologically adequate 
animals. The immunologic deficit may indeed 
be quite subtle and not easily recognized 
grossly. The mice studied here that were 
thymectomized at 3 days showed little lym- 
phoid depletion, they were capable of reject- 
ing in normal fashion allogeneic skin grafts 
and of forming hemolysins to sheep erythro- 
cytes and antiviral antibodies. 

Summary. Thymectomy a t  3 days of age 
in several inbred strains of mice and in an F1 
hybrid resulted in a strikingly increased fre- 
quency of neoplasms following infection with 
polyoma virus. Age susceptibility was ex- 
tended to at least 30 days of age in highly 
resistant C57BL mice. The usual stigmata 
associated with thymectomy at birth were not 
found in the 3-day thymectomized mice. 
Nonetheless the methods used to restore im- 
munologically deficient thymectomized neo- 
nates were also effective in restoring the ca- 
pacity to resist polyoma virus tumor induck 

tion: adult syngeneic spleen cells, thymus 
tissue in Millipore diffusion chambers and 
syngeneic thymus grafts. Growth curves of 
polyoma virus in kidney, salivary glands and 
liver were quite similar in thymectomized and 
intact litter mates. Hemagglutination-inhbi- 
tion antibodies determined periodically up to 
30 days after infection were also similar in 
both groups. These results are discussed in 
terms of a concept involving virus-specific 
“tumor” antigens and the immunologic status 
of the animal. 
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Acute Metabolic Effects of Nicotinic Acid in Alloxan Diabetic Dogs.* 
(3312) 

A. GNUDI,~ N. M. SCHULMAN AND G. GALANSINO 
Department of Physiology, Chicago Medical School, Chicago, Ill. 

It has been demonstrated that nicotinic 
acid in high doses for a prolonged time has 
a cholesterol lowering effect in man(1). The 
mechanism of this action has not yet been 
fully elucidated ( 2 ) .  It was further demon- 
strated that nicotinic acid causes a rapid 
decrease in the plasma Free Fatty Acids 
(FFA) concentration and that i t  inhibits the 
increase of FFA produced by nor-epinephrine 
in fasting man(3). Recently it has been 
shown in vitro(4) that nicotinic acid inhibits 
FFA release from epididymal pads of alloxan 
diabetic rats and from adipose tissue taken 
from diabetic human subjects(5). Older re- 
ports have suggested that nicotinic acid has 
a hypoglycemic effect in diabetic patients (6). 

The purpose of this paper was to deter- 
mine if a depression of plasma FFA concen- 
tration was obtainable in alloxan-diabetic 
dogs and what relationship, if any, could be 
detected between blood sugar and concentra- 
tion of FFA. 

Materials and methods. Six previously al- 
loxanized (90 mg/kg i.v.) diabetic mongrel 
dogs of both sexes, weighing 9-15 kg were 
used. They had a daily NPH insulin$ re- 

quirement varying between 15 and 35 U. 
They were kept in metabolism cages on a 
regular diet and their daily urinary output, 
glycosuria and ketonuria were checked. Water 
was allowed ad libitum. 

In preparation for each experiment, insulin 
was withdrawn for 3 days and food withheld 
for 16 hours. The day of the experiment, all 
animals showed ketonuria (from traces to 
mild), in addition to glycosuria (30 to 140 
g/24 hr). Two weeks were allowed as an 
interval between 2 experiments performed in 
the same dog. The animals were not anes- 
thetized during the tests. Nicotinic acid (50 
mg/dog) or isotonic saline was administered 
in a peripheral vein. Blood samples obtained 
from another peripheral vein were stored in 
heparinized tubes kept in an ice bath. Ali- 
quots for blood sugar determinations ( 7 )  were 
removed and the rest of the blood was centri- 
fuged at 4OC. Plasma FFA determinations 
(8) were carried out immediately after cen- 
trifugation. Plasma total cholesterol was 
measured according to Abell(9). 

Results. Results are presented in Table I 
and Fig. 1. Table I gives the average pre- 

*Aided by Gran't T I  AM 5102 from Nat. Inst. of 

t Post-doctoral Trainee. 
$ Gift of Dr. Mary Root, Eli Lilly Research 

Arthnitis & Metab. Dk., U.S.P.H.S. 

Laborakories, Indianapolis, Ind. 

TABLE I. Mean Pre-Injection Values in Diabetic 
Dogs (2 S.E.). (12 experiments) 

Blood glucose 284t 16mgY' 
Plasma tatal cholesterol 232 2 13 mg % 
Plasma FFA 1340 t 180 @q/l 


