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ABSTRACT

The effects of acute diabetes mellitus on the growth of Morns hepa-
iiinia 7288CTC and Jensen sarcoma were studied in fed, young (less than
200 g), and adult (greater than 250 g) rats. Animals were matched for
tumor size and growth; the rates of tumor growth were the same in fed,
young and adult nondiabetic rats. Diabetes was induced by the i.v.
injection of streptozotocin (65 mg/kg total body weight) into tumor-
bearing rats and changes in arterial blood nutrient concentrations were
compared to changes in the rates of tumor growth and DNA synthesis.
In young rats acute diabetes did not increase the blood concentrations of
the fat store-derived nutrients and did not increase the rate of tumor
growth. In adult rats, however, acute diabetes raised the arterial blood
free fatty acid, glycerol, triglycÃ©ride,and ketone body concentrations to
high levels and increased the rate of tumor growth about three times over
that observed in untreated rats. Progress curves for the mobilization of
host fat stores and for incorporation of [nx'iAj-/-1!I|thyniidinc into tumor

DNA during the onset of diabetes showed that these activities were
closely correlated in adult rats. Both processes began to increase 2 to 4
h after streptozotocin treatment, reached an initial peak at 12 to 16 h,
decreased to a low point at 18 to 20 h, and then increased again to the
new steady state after 23 to 24 h. The results indicate that the rate of
tumor growth in rats in vivo is limited by the availahi lity of a substance(s)
present in the hyperlipemic blood of adult diabetic rats. The tight
relationship between host lipolysis and tumor growth suggests that the
substance(s) is derived from host fat stores.

INTRODUCTION

In a previous report (1), we described an inverse relationship
between food consumption and the rate of tumor growth in vivo
in adult rats. Tumor growth was increased when the host rat
was underfed or starved and the increase was inhibited by
refeeding. The beginning and continuation of the new rate of
tumor growth appeared to depend on catabolism of the host fat
store. Adult tumor-bearing rats showed increased levels of blood
free fatty acids and ketone bodies 1 day after onset of the
underfeeding or starvation. Young tumor-bearing rats, which
lack appreciable fat stores, showed no increase in blood fat
store-derived nutrients and no stimulation of tumor growth
during an acute fast. Subsequent kinetic experiments demon
strated that the catabolism of host fat stores and the increase
in incorporation of [3H]thymidine into tumor DNA were closely

related in time during the onset of an acute fast (2).
In this study we tested the effect of acute streptozotocin-

induced diabetes mellitus on tumor growth in young and adult
male rats because lipolysis and ketogenesis are prominent fea
tures of the diabetic state. We found that acute diabetes stimu
lated tumor growth in adult rats. Progress curves for increase
in blood nutrient levels and increase in tumor growth were
closely correlated during the onset of acute diabetes. Young
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tumor-bearing rats, in contrast to the adult rats, showed no
increase in either lipolysis or tumor growth during acute dia
betes. The results support the proposal (1) that a nutrient and/
or other factor derived from the host fat store limits the rate of
tumor growth in vivo.

MATERIALS AND METHODS

Animals, Tumors, and Tumor Transplantation. Young and adult male
HarÃanSprague-Dawley and Buffalo rats were obtained from colonies
established here. The rats were fed a standard laboratory chow (Prolab
mouse, rat, and hamster 1000 formula; Agway, Inc., Syracuse, NY),
had water ad libitum, and were maintained at a constant temperature
of 23Â°Cin a room with lights from 6 a.m. to 6 p.m. At the time of

tumor implantation the young rats were 30 to 45 days old and weighed
less than 200 g, and the adult rats were 3 to 5 months old and weighed
about 250 to 350 g. Experiments were performed with the Jensen
sarcoma and Morris hepatoma 7288CTC, fast-growing tumors that
grow at a rate of about 1.4 and 1 g/day, respectively, in fed animals (1).
The Jensen sarcoma was originally obtained from Dr. Artemio A.
Overjera, DCT Tumor Repository, Frederick Cancer Research Facility,
National Cancer Institute, Frederick, MD. Hepatoma 7288CTC was
obtained from the Morris Hepatoma Program, Howard University
Cancer Center, Washington, DC. Both tumors have been carried in our
laboratory for several years.

Tumors were grown s.c. as tissue-isolated implants in the left inguinal
fossa (3). A 3-mm cube of tumor was attached with a small suture to
the end of a vascular stalk composed of the truncated superficial inferior
epigastric artery and vein. The implant and the end of the stalk were
enclosed in a paraffin envelope, placed beneath the skin, and the incision
was closed. The arterial blood supply to and venous drainage from the
implant are established through the epigastric vessels. Tissue-isolated
tumors do not show large volumes of central necrosis as frequently as
do ordinary s.c. implants, which must obtain their blood supply from
the periphery.

Assays and Reagents. Blood samples were obtained by cardiac punc
ture from tumor-bearing rats lightly anesthetized with ether. Samples
were drawn into syringes moistened with a saturated solution of diso-
dium EDTA. Every attempt was made to draw blood from the left side
of the heart. Acetoacetic and 3-hydroxybutyric acids and glucose were
measured fluorometrically and spectrophotometrically, respectively, in
perchloric acid extracts of the whole blood, as previously described (4).
Glycerol and triglycÃ©rideswere measured in plasma before and after
enzymatic hydrolysis, respectively, by the method of Wahlefeld (5).
Plasma free fatty acids were measured as described by Bergmann et al.
(6), using chemicals obtained from Sigma Chemical Co. and Eastman
Kodak Co. Streptozotocin was purchased from ICN Nutritional Bio-
chemicals, and regular insulin (Iletin I) was from Eli Lilly and Co.

Experimental Design for Measurement of Tumor Growth in Vivo and
Incorporation of ImcrAj/-'! I|Thymidinc. Tumors were implanted in male

rats of the same age and body weight. The matched animals were either
littermates or were from different litters born on the same day, and the
tumor cubes used as implants were taken from the same tumor. All
inoculated rats were housed in a single large cage. After tumor growth
was established, the animals were separated to individual cages. Tumor
weights in situ (1) were estimated daily starting when the tumors were
judged to weigh 2-3 g. Host carcass weight was calculated by subtract
ing the estimated tumor weight from total host plus tumor weight.
About 5 days after start of the measurements, when the estimated
tumor weights were 7 g, the animals were divided at random into groups
of 4 animals each.
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STIMULATION OF TUMOR GROWTH IN VIVO

The procedure used for comparison of tumor growth and arterial
blood nutrient levels in diabetic and normal, young, and adult tumor-
bearing rats was as follows. Each animal was lightly anesthetized with
ether. Diabetes was induced in the experimental groups by injection of
a ketonemic dose (7) of streptozotocin (65 mg/kg total body weight) in
the external jugular vein. (Streptozotocin was prepared in 0. l M sodium
citrate, pH 4.5, on the day of use.) Control rat groups were given
injections of an equivalent volume of sodium citrate. The injections
were performed at 3 a.m. after a normal period of feeding. The neck
wounds were closed with a few sutures and the animals were returned
to their cages. Food and water were available ad libitum before and
after treatment. Mean daily food consumption was 22.4 Â±1.7 (SD) g
for the control adult rats before and after citrate injection, and 21.2 Â±
1.2 g and 20.5 Â±0.8 g for the diabetic adult rats before and after
treatment, respectively. Mean daily food consumption was 16.0 Â±1.6
g for the control young rats before and after treatment, and 17.8 Â±1.1
g and 17.3 Â±1.3 g for the diabetic young rats before and after treatment,
respectively. Host carcass and tumor weights were estimated daily and
arterial blood samples were collected at 24 and 72 h after treatment.
Immediately after collection of the 72-h blood sample, the anesthetized
rats were given injections of [mrtAy/-3H]thymidine (1 /xCi/g body

weight) in the external jugular vein. The animals were sacrificed l h
later and the tumors were harvested for measurements of weight, DNA
content, and thymidine incorporation (1). A total of 16 young and 16
adult tumor-bearing rats were compared in these experiments.

Determination of the Progress Curves for Mobilization of Host Fat
Stores and for |/Â«ffA>Y-'H]1hymidine Incorporation into Tumor DNA

during the Onset of Acute Diabetes. Groups of young and adult Jensen
sarcoma-bearing Sprague-Dawley rats (4 rats/group), matched for host
carcass and tumor weight and for rate of tumor growth, were given
injections of streptozotocin as described above. To measure mobilized
fat stores, arterial blood samples (one sample from each animal in the
group) were collected at a specific time after treatment, i.e.. at 2-h
intervals during the first 16 h, at 1-h intervals from 16 until 24 h, and
at 48 and 72 h. Zero time samples were collected from untreated
animals. Glycerol, free fatty acids, triglycÃ©rides,ketone bodies, and
glucose were measured in each sample. Blood samples were collected
from 96 young and 112 adult, tumor-bearing, diabetic rats to define
these progress curves.

For measurement of thymidine incorporation, the streptozotocin-
treated rats were given injections of [3H]thymidine 1 h before sacrifice.

Tumors were harvested at the times after streptozotocin treatment
listed above; those collected at zero time were harvested from nondi-
abetic rats. Tumor weight, protein and DNA content, and incorporation
of [3H]thymidine into DNA were measured. A total of 24 young and
112 adult, tumor-bearing, diabetic rats were used to define these prog
ress curves.

Important time points were repeated; consequently, the mean of the
data from 1 to 3 groups is a single time point. In some experiments the
4 rats in a group were given injections of insulin (30 units, s.c.) 48 h
after streptozotocin treatment. Arterial blood samples and tumors were
collected from these animals 3 h after insulin injection to determine
the effect on blood metabolite levels and on thymidine incorporation.

Statistical Analysis. Significance of means was tested by Student's t

test (8). Tumor and host carcass weights and analytical data are ex
pressed as mean Â±SD.

RESULTS

Acute Diabetes and Tumor Growth. Estimates of host carcass
and tumor weights in the matched young and adult rats are
shown in Fig. 1. Measurements were made daily for 9 days and
were started when the tumors were judged to weigh 2-3 g. The
growth rate of these tumors is very uniform in fed, matched
rats and is the same in both young and adult hosts (1). Daily
increments in tumor weight in the ad libitum fed, untreated
rats (days 1 through 6) were about 1.4 and 1 g/day for the
sarcoma and hepatoma, respectively. Injection of streptozotocin
on day 6 (indicated by the arrow) stimulated tumor growth in
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Fig. 1. Effect of strepto/otodn induced diabetes on estimated tumor and host
weights in adult (.-() and young (B) Jensen sarcoma-bearing Sprague-Dawley rats,
and adult (C) and young (D) Morris hepatoma 7288CTC-bearing Buffalo rats.
Sixteen young and 16 adult tumor-bearing rats (8 of each strain), matched for
tumor and host weights, were monitored for tumor growth during a 6-day period
of ad libitum feeding. On day 6 (arnw). 8 young and 8 adult rats (4 of each
strain) were treated with streptozotocin, and 8 young and 8 adult rats (4 of each
strain) were treated with citrate buffer, as described in "Materials and Methods."

Tumor (O) and host (A) weights of the diabetic rats, and tumor (â€¢)and host (A)
weights of the control rats were estimated for 3 more days, until day 9. Points,
mean estimated tumor and host carcass weight; bars, SD (n = 4).

the adult rats. One day after streptozotocin treatment the
growth rates of the Jensen sarcoma and hepatoma 7288CTC
were increased to 5 and 3.7 g/day, respectively, about three
times faster than before treatment and about three times faster
than in the control adult rats. In contrast, the rate of tumor
growth in young rats was not changed by streptozotocin.

Concentrations of glucose and ketone bodies in whole blood
and of free fatty acids in plasma collected from the host animals
shown in Fig. 1 are listed in Table 1. Samples were collected
on days 7 and 9, 1 and 3 days after injection of streptozotocin
or sodium citrate. Mean glucose concentrations were in the
normal range (6 to 7 HIM) in the citrate-treated animals, but
were 20 to 30 HIMin both the young and adult streptozotocin-
treated rats. Plasma free fatty acids and ketone bodies were
increased 7 to 30 times in the adult diabetic rats. In comparison,
the concentration of plasma free fatty acids in the young dia
betic rats was doubled 1 day after streptozotocin treatment but
returned to normal values after 3 days. Consequently, ketogen-
esis did not occur in the young, diabetic rats.

Table 2 shows the tumor weights that were recorded at the
end of the experiments shown in Fig. 1. Actual measured
weights compared favorably with the estimated weights. Tumor
weights in control and diabetic young rats were not different
from each other, in agreement with the identical growth rates.
Tumor protein and DNA content and the rates of [3H]thymidine

incorporation into tumor DNA are also listed in Table 2. The
DNA content of tumors growing in adult rats was increased
about 20% by acute diabetes, even though the tumor protein
content remained unchanged, suggesting that the stimulus for
tumor growth increases the proportion of the tumor cells in S
or G2 phase. Tumors growing in young diabetic rats showed a
much smaller increase in DNA content. Finally, after 3 days of
diabetes the rate of thymidine incorporation into tumor DNA
in adult rats was increased two to three times over the rate
observed in the nondiabetic adult rats. A smaller increase in
thymidine incorporation was observed in tumors growing in
young diabetic rats when compared to young control rats.
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STIMULATION OF TUMOR GROWTH IN VIVO

Table I Arterial whole blood glucose, ketone body, and plasma free fatly acid concentrations in young and adult, streptozotocin-treated, and control tumor-bearing rats

These are the same animal groups that were described in Fig. 1. Arterial blood samples were collected by heart puncture 24 and 72 h after injection of streptozotocin
or citrate buffer, on days 7 and 9 of the experiment, respectively (n = 4 animals for each group).

Glucose
(DIM)Jensen

sarcoma-bearingSprague-Dawley
ratsAdult24

h72
hImmature24

h72hHepatoma

728gCTC-bearÃngBuffalo
ratsAdult24

h72
hImmature24

h72hDiabetic31.9

Â±6.0*24.9

Â±6.021.1

Â±4.023.0
Â±6.223.5

Â±2.021.1
Â±2.226.2

Â±1.225.9
Â±1.2Control7.1

Â±0.26.9
Â±0.27.4

Â±0.67.4
Â±0.46.9

Â±0.46.6
Â±0.46.3

Â±0.66.5
Â±0.2Ketone

bodies
(mM)Diabetic4.57

Â±1.28.47
Â±3.00.15

Â±0.020.17
+0.031.65

Â±0.614.5
Â±0.40.38

Â±0.020.22
Â±0.01Control0.15

Â±0.040.18
Â±0.010.17

Â±0.030.17
Â±0.010.13

Â±0.040.11
Â±0.020.37

Â±0.020.24
Â±0.01Free

fatty acids
(HIM)Diabetic1.38

Â±0.023.50
Â±0.120.23

Â±0.020.14
Â±0.020.80

Â±0.343.97
Â±0.120.25

Â±0.020.13
Â±0.02Control0.16

Â±0.020.16
Â±0.020.14

Â±0.020.13
Â±0.020.1

2Â±0.020.13
Â±0.020.12

Â±0.020.13
Â±0.02

â€¢Mean Â±SD.

Table 2 Tumor weights, DNA contents, and incorporation of radioactive thymidine into tumor DNA in streptozotocin-induced diabetic and control,
young and adult host rats

The young and adult rat groups are the same as those described in Fig. 1 and Table 1. The animals were given injections of | '11|ihymidinc ( 1 pCi/g total body

weight) l h before the end of the experiment on day 9. Tumor weights, DNA and protein contents, and incorporation of thymidine into DNA and tumor substance
were measured after tumor harvest, as described in "Materials and Methods" (n = 4).

Thymidineincorporation*Tumor

typeJensen

sarcomaAdultControlAcute

diabeticImmatureControlAcute

diabeticHepatoma
7288CTCAdultControlAcute

diabeticImmatureControlAcute

diabeticTumor

wt*

<g>12.2

Â±0.4Â»21.7
+0.411.8

Â±0.211.7
Â±0.410.9

Â±0.619.0
Â±0.611.0

Â±0.410.8
Â±0.2Protein

content
(mg/gtumor)183

Â±10178
Â±12173

Â±6176
Â±6175

Â±6174
Â±6161

Â±16168
Â±6DNA

content*(Mg/g

tumor)6340

Â±1347417
Â±2305690

Â±1226173
Â±604702

Â±1826394
Â±304718

Â±545020
Â±24dpm/Â«ig

DNA523

Â±241272
Â±8498

Â±6548
Â±6468

Â±10733
Â±12484

Â±6525
Â±12dpm(xlO-3)/g

tumor3319

Â±2089436
Â±3382833

Â±903382
Â±602200

Â±764673
Â±882279

Â±442637
Â±74

" Differences in tumor weights between control and diabetic adult rats and in DNA contents and thymidine incorporation between control and diabetic, young and
adult rats are significant, /' < 0.05.

* Mean Â±SD.

Progress Curves for the Increase in Host Arterial Whole Blood into the Jensen Sarcoma during the Onset of Diabetes Â¡nYoung
Glucose and KetoneBody,and Plasma Glycerol, Free Fatty Acid, and Adult Rats. An increase in the rate of thymidine incorpo-
and TriglycÃ©rideConcentrations during the Onset of Acute Dia- ration into Jensen sarcomas growing in adult rats was detectable
betes Â¡nYoung and Adult Rats. Fig. 2 shows that the glucose as quickly as 4 h after injection of streptozotocin (Fig. 3). The
concentrations were tripled within 2 h after streptozotocin rate at 4 h was significantly increased (P < 0.05) over that
treatment in both young and adult Jensen sarcoma-bearing rats, measured at zero time. Progress to the new and faster steady
The glucose concentrations reached 35 to 40 mMafter 10 to 16 state rate of tumor DNA synthesis was characterized by the
h, decreased to about 15 mM at 18 to 20 h, and then increased same complex phenomena observed during mobilization of
again to steady state values of 30 to 40 mM after 24 h. Similar 8lucose and host fat stores-/irst>the rate of thymidine incor-
progress curves characterized by increases to a peak and de- PÂ°ratloÂ°'ncreas!d steadl|y fÂ°r12 h-The J*** rate reached at
creases to a low point followed by increases to a plateau were 12 to 16 h was 2.to ? 'Â»^faster than that measured before

., ter -j i .. u j j * â€¢i -j streptozotocin injection. Thymidine incorporation then de-noted for glycerol free fatty ac.d, ketone body and tnglycer.de jÂ£Â» J ^ JJ gj ^

concentrations ,n the adult, tumor-bearing, diabetic rats. Young Ume at 18 to 20 h before increasing again to the steady
tumor-bearing rats showed at most very small increases in blood ^ rate after 23 to 24 h These lfccha Â¡nra(e of DNA
concentrations of the fat store-derived nutrients after treatment synthesis were hÂ¡ghiyreproducible, as indicated by the fact that
with streptozotocin; the small transient increase in free fatty the values at zero time 12, 18, 19, 20, 24, and 72 h each
acid concentration after 24 h noted in Table 2 was not repro- represent means of data obtained from 8 to 12 tumors. Injection
duced in this experiment. Injection of insulin decreased the of insulin into the adult diabetic rats caused an abrupt decrease
arterial blood concentrations of glucose to the values found at and return of the rate of thymidine incorporation to values
zero time in young and adult diabetic rats and lowered the observed before onset of the diabetes. As expected from the
ketone body, free fatty acid, triglycÃ©ride,and glycerol concen- results shown in Table 2, essentially no increase in thymidine
initions in adult diabetic rats to nondiabetic levels. incorporation was noted in tumors growing in young diabetic

Progress Curves for Increase in ['I l| I In irridineIncorporation rats.
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Fig. 2. Progress curves for increase in arterial whole blood glucose and ketone

bodies, and plasma free fatty acids, triglycÃ©rides,and glycerol concentrations in
Jensen sarcoma-bearing young and adult Sprague-Dawley rats during the onset
of acute streptozotocin-induced diabetes. Ninety-six young (A) and 112 adult (O)
rats were used in this experiment. Acute diabetes was induced by injection of
streptozotocin (at zero time), and arterial blood samples were collected by heart
puncture. The schedule for blood sample collection for young animals was: 12
rats at zero time, 8 rats at 24 and 72 h, and 4 rats at each other time. Blood
sample collection for adult rats was: 12 rats at zero time and 24 h, 8 rats at 18,
19, 20, and 48 h, and 4 rats at each other time. Four young (A) and 4 adult (â€¢),
diabetic rats were treated with regular insulin at 48 h, and blood samples were
collected 3 h later. Rats sampled at zero time were nondiabetic (treated with
citrate buffer). Only glucose was measured in samples collected from young rats
at 17 to 23 h and after the insulin treatment. Streptozotocin and insulin treat
ments, blood sample collection and preparation, and substrate assays were as
described in "Materials and Methods." Points, mean; AÂ«rv,SD.

The progress curve describing the increase in tumor DNA
content in adult animals after streptozotocin treatment (Fig. 3)
suggested similarly complicated kinetics. It is interesting that
the progress curves for increase in tumor DNA content and for
increase in the rate of [3H]thymidine incorporation were essen

tially identical, except that there was not a significant decrease
in tumor DNA content after 18 h. Differences in rates of
decrease in tumor DNA content and DNA synthesis were also
evident after insulin treatment of adult diabetic rats (Fig. 3)
and after refeeding of starved adult rats (2). When the rate-
limiting substance is removed, the decrease in tumor DNA
content, which requires mitosis, is slower than the decrease in
the rate of DNA synthesis. Fig. 3 also shows the progress curves
for tumor growth rate in adult rats. Tumor growth during the
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Fig. 3. Progress curves for increase in (3H)thymidine incorporation into DNA,

and DNA content and wet weight of Jensen sarcomas during the onset of acute
streptozotocin-induced diabetes in young and adult Sprague-Dawley rats. Tumors
were collected from 24 young (A) and 112 adult (O) rats. Diabetes was induced
by injection of streptozotocin at zero time. Tumors collected at zero time were
from nondiabetic rats (given injections of buffer). Tumor collection for young
rats was: 8 rats at zero time, and 4 rats at 12, 18, 24, and 72 h. Tumor collection
for adult rats was: 12 rats at zero time, 8 rats at 12, 18, 19, 20, 24, and 72 h, and
4 rats at each other time. Four adult (â€¢)diabetic rats were treated with insulin at
48 h and the tumors were collected 3 h later. | 'I I] Ihymidinc (1 Â«Â¿Ci/gtotal body

weight, i.v.) was injected 1 h before sacrifice and collection of the tumors.
Treatment with streptozotocin, thymidine, tumor collection, and analysis were as
described in "Materials and Methods." Points, mean; bars, SD.

first 24 h after drug treatment may be slower than the steady
state rate that is established after 24 h (see also Fig. 1). A lag
in tumor growth rate during the first 24 h could be caused by
the transient decrease in the rate of tumor DNA synthesis that
occurs between 16 and 24 h.

DISCUSSION

In this study acute diabetes was induced in tumor-bearing
rats to test a hypothesis of tumor growth in vivo. Previously,
we observed a stimulation of tumor growth in adult rats during
an acute fast (1) that appeared to require the presence and
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STIMULATION OF TUMOR GROWTH IN VIVO

catabolistn of host fat stores. Lipolysis and ketogenesis did not
occur during fasting in young tumor-bearing rats and there was
no increase in tumor growth rate. We proposed that tumor
growth in vivowas limited by the availability of critical nutrients
or other factors present in the host fat stores (1). When the
blood concentrations of these nutrients are increased, as they
are in adult rats during an acute fast, the rate of tumor growth
is increased. The results reported here support this hypothesis.

First, acute diabetes stimulated the rate of tumor growth in
adult but not in young rats, and the requirement for catabolism
of host fat stores for more rapid tumor growth was confirmed.
Second, the kinetics of increase in [3H]thymidine incorporation

into tumor DNA were closely correlated to the kinetics for
release of fat store nutrients. Progress curves for mobilization
of host fat stores during onset of drug-induced diabetes (Refs.
7 and 9-11; see Fig. 2) are different from those seen during
acute starvation (2, 12). The differences result from a more
rapid fall in blood insulin and from a transient, secondary
insulin release (9) after drug-induced diabetes. In Sprague-
Dawley rats this secondary insulin release begins 15 to 16 h
after drug injection, reaches a peak at 18 to 20 h, and then
declines (9). Concentrations of glucose and the fat store-derived
nutrients in the arterial blood show an inverse relationship to
the insulin levels (7, 9-11). We observed a decrease in the rate
of [3H]thymidine incorporation at the exact same time as the
decrease in blood levels of the fat store-derived nutrients. In
deed, progress curves for increase of [3H]thymidine incorpora

tion into tumor DNA and for increase in plasma free fatty acid
concentrations were essentially superimposable (Figs. 2 and 3).
This close correlation is additional evidence for a very tight
coupling between the rate of tumor DNA synthesis and release
of the critical substance from host fat depots (2).

The agent that limits the rate of tumor growth in vivo has
not yet been identified. The experimental results described here
and previously (1,2) tend to rule out a direct role for blood
glucose, and for insulin or other hormones in the growth
stimulation. Glucose concentrations were decreased during
starvation and increased during diabetes, but both conditions
stimulated tumor growth in adult rats and were without effect
in young rats. Also, although changes in insulin and other
hormones are probably similar in young and adult rats during
acute starvation and diabetes, tumor growth was invariably
stimulated in adult and not in young rats. The rate-limiting
substance for tumor growth in vivo may be an essential fatty
acid. A few years ago, Kidwell et al. (13, 14) showed that the
lipid-containing fraction of rat serum stimulated growth of
WRK 1 rat mammary tumor cells in vitro. The lipid substance
was identified as linoleic acid (13, 14); rat serum contained this
fatty acid and pure linoleic acid could replace the requirement
for rat serum. Tests of individual unsaturated free fatty acids
showed that oleic, linoleic, linolenic, and arachidonic acids all
stimulated growth of the WRK 1 tumor cell line (14), but to
different extents and at different concentrations. An increased
intake of dietary sources rich in unsaturated fatty acids has
been reported to increase the incidence of spontaneous (15) and
carcinogen-induced mammary tumors (16) and growth of trans-
plantable tumors (17) in rats. Experiments are under way to
determine if increased concentrations of linoleic and/or other
unsaturated fatty acids are in the blood of diabetic and starved
( 1) adult rats and are responsible for the stimulation of tumor
growth.

The role of insulin and the effects of drug-induced diabetes
on tumor growth in rats in vivo have been examined by several
investigators. The subject was recently reviewed by Hilf et al.

(18). Hilf (19), and Sloan et al. (20). Only studies using strep-
tozotocin-induced diabetes and with recorded host weights will
be considered here; diabetes induced by alloxan has been re
ported to cause increased mortality and severe weight loss; to
require insulin supplements in tumor-bearing rats (21); and to
cause excessive ketonemia in normal rats (22). Two experimen
tal procedures were followed in experiments of diabetes on
tumor growth. In one protocol tumors were implanted into
diabetic rats and subsequent rates of tumor growth were com
pared to growth in nondiabetic rats (20, 23). The results indi
cated a slower rate of tumor growth in rats that were diabetic
for 10 days before tumor implantation. Host body weights at
the time of tumor implantation were 150 to 180 g; blood levels
of free fatty acids were not reported (20, 23). In other experi
ments, Hissin and Hilf (24) found that the growth rate of the
R3230AC mammary tumor was nearly doubled in 100-g female
Fisher rats made diabetic 2 days before implantation. Insulin
reversed the growth stimulation. Comparable results were also
observed by Cohen and Hilf (25) with this tumor in 115-g
female Fischer rats. Blood levels of fat store-derived nutrients
were not reported (24, 25). Hissin and Hilf (24) and Hilf et al.
(18) suggested that an increased rate of proline transport might
be responsible for the faster tumor growth in diabetes.

In a second procedure, Cohen and Hilf (26) induced acute
diabetes in rats that were bearing 7,12-dimethylbenz(a)an-
thracene-induced mammary tumors. About 60% of the tumors
regressed (termed insulin dependent). Eighteen % simply
stopped growing, and still others, called insulin independent,
were unaffected and continued to grow. In the experiments
reported by Cohen and Hilf (26), the diabetic rats weighed an
average of 256 g and the mean blood glucose concentrations
were 21 mM. A few of the insulin-independent tumors in their
experiments appear to have grown faster, but not significantly
faster, than tumors in the nondiabetic hosts. The dose of
streptozotocin (50 mg/kg body weight) used might have been
sufficient to increase blood free fatty acid concentrations. How
ever, the emphasis of the study (26) was on differences between
the insulin-dependent and insulin-independent tumors, and
blood levels of fat store-derived nutrients were not reported.

Historically, young rats were used in studies of diabetes, and
tumor growth and host blood free fatty acid, glycerol, triglyc
Ã©ride,and ketone body concentrations were not reported. Con
sequently, no conclusions can be made about the role that these
nutrients might have had in the experiments. It seems clear
from our data, however, that tumor growth-promoting sub
stances are present in the hyperlipemic blood of adult, diabetic,
tumor-bearing rats that are absent from the blood of young,
diabetic, tumor-bearing rats.
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