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Abstract—Changes in erythrocyte (RBC) polyamines were studied during total parenteral
nutrition (TPN) in 16 colorectal carcinoma patients and six patients with noncancerous diseases.
RBC putrescine (PTC), spermidine (SPD), and spermine (SPM) were analyzed before and at the
completion of preoperative TPN in each patient. Before TPN, nutritional status, based on a history
of weight loss and plasma albumin, prealbumin and retinol-binding protein levels, were similar for
the two groups. Initial RBC PTC, SPD, and SPM levels were also similar for both groups.
Preoperative TPN induced significant increases in RBC PTC levels (P<0.001) and RBC
PTC:SPD ratios (P < 0.005) of the cancer patients while no significant polyamine changes were
observed in the other group. Host response to nutritional therapy was monitored with plasma
prealbumin and retinol-binding protein levels which did not change significantly in either group.

INTRODUCTION

ALTHOUGH considerable clinical data suggest that
total parenteral nutrition (TPN) does not inducc
tumor growth in man [1], animal studies have
shown that tumor proliferation may occur with
aggressive forced-feeding methods [2-5]. Because
physical examihation or roentgenographic studies
may not be sensitive enough to detect changes in
tumor growth during short periods of TPN, more
sensitive biochemical markers of tumor prolifera-
tion are needed to detect tumor growth in patients
undergoing nutritional therapy.

Polyamines are ubiquitous, low molecular
weight amines that are associated with protein,
RNA, and DNA syntheses and their biosyntheses
are essential for cell proliferation [6,7]. Elevated
polyamines levels in urine, plasma, cercbrospinal
fluid, and erythrocytes (RBC) of cancer patients
have been reported and such observations are
consistent with the uncontrolled growth behavior
of neoplastic diseases [8~13]. The correlation of the
thymidine labelling index of multiple mycloma
cells with the urinary excretion of putrescine [14]
suggests that polyamines may be sensitive markers
of tumor proliferation during TPN.
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Our study was designed to determine changes in
RBC polyamine levels during preoperative TPN.
In order to assess if RBC polyamines were derived
from neoplastic tissue, RBC polyamines levels dur-
ing TPN were measured in patients with benign
disease and with colorectal carcinoma. Our results
show that TPN is associated with increased RBC
polyamines levels in colorectal carcinoma patients
and not in noncancer patients.

MATERIALS AND METHODS

Patient population

Six noncancer patients and 16 colorectal
carcinoma patients who required preoperative
TPN to restore or prevent nutritional deficits be-
fore undergoing opcrative procedures werce entered
into this study. Patients who had reccived che-
motherapy, radiotherapy or had undergone a sur-
gical procedurc within 3 months of this study
were excluded. No patients received antineoplastic
therapy during the study. All patients had normal
kidney function (plasma creatinine less than
1.4 mg/dl and blood urea nitrogen less than 25 mg/
dl) and normal liver function (serum bilirubin less
than 1.5 mg/dl) during the study. Venous blood (7
ml) was collected in heparin-coated tubes before
TPN began and again after nutritional therapy was
completed before a planned surgical procedure.
The second blood sample was obtained the day
before the scheduled operative procedure when
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TPN was still being administered. This study was
conducted with approval of our institution’s Hu-
man Surveillance Committee and with the consent
of the patients.

Dukes’ stage of malignant discasc was
documented by pathologic evaluation of the re-
sected specimens and intraabdominal findings by
the surgeons. For the noncancer group, diagnosis
of benign discase was documented by cxploratory
laparotomy, histologic cvaluation of the resected
specimen, and length of disease-frec survival since
cancer therapy was completed (greater than 5
yr). Patients who were not metabolically stable
or who had infections were excluded from both
study groups. Furthermore, patients who did not
have conclusive diagnoses of benign or malignant
discase by pathologic verification were excluded
from the study.

Nutritional regimens

Patients in both groups received a 25% glucose
and 5% crystallinc amino acid solution with 40-60
mEq/l NaCl, 20-40 mEq/L KCIl, 10 mEq/L
MgSO,, 4.5 mEq/L calcium gluconate, 10-15
mEq/L KHyPOy, 2 ml trace clements, and MVI-
128, TPN solutions were delivered through a cen-
tral venous catheter and administered continuous-
ly over 24 hr at a constant ratc of 40-60 calories/
kg of body wt/d and 2-3 g crystalline amino acid/
kg of body wt/d.

Evaluation of nutritional status and response to TPN

Nutritional status beforc and after preoperative
TPN was determined in each patient by history of
weight loss based on usual body weight and plasma
visceral protein levels. Plasma albumin level (nor-
mal, 3.4-4.5 g/dl) was determined by bromcresol-
dye assay [15]. Plasma prealbumin (normal, 10-40
p g/dl) and retinol-binding protein (normal, 3-
6 ng/dl) levels were determined with radial im-
munodiffusion plates (Calbiochem-Behring, La
Jolla, CA). Per cent body weight loss and duration
of TPN were compared for the two groups by using
Student’s i-test (two-tailed).

Polyamine analysis

RBC putrescine, spermidine and spermine levels
were determined on a Durrum-Dionex D-500 ami-
no acid analyzer (Dionex Corporation, Palo Alto,
CA) by previously described methods [12]. Recov-
ery of putrescine, spermidine, and spermine was
85%, 78.4% and 86.4%, respectively, and all
values were corrected according to these percen-
tages of recovery. The method used to analyze
polyamine levels as low as 15 pmol had a coef-
fictent of variation of less than 4% for within-run
variation and of less than 7% for between-run
variation. Changes in polyamine levels were deter-

mined for cach patient by comparing RBC
polyamine levels before and after preoperative
TPN. Changes in RBC polyamine levels during
TPN were statistically analyzed in each group by
the paired Wilcoxon test.

RESULTS

Patient population

The clinical diagnoses and stages of discase for
the two groups are shown in Table 1. In the
noncancer group which included onc male and five
females, two patients were studied twice, receiving
preoperative TPN 7 and 12 months apart and
accounting for cight determinations of scquential
RBC polyamine levels during TPN in this group.
There were nine men and seven women in the
colorectal cancer group. Women in both groups
were anovulatory because of previous
oophorectomy or age. Mean age for the colorectal
cancer group was 70 £ 15 yr (mean * 5.D.) and
48 £ 22 yr for noncancer group. Prcoperative TPN
was given without infectious complications.

Nutritional status before TPN

Nutritional status before TPN was started is
summarized in Table 2. To assess plasma visceral
protein levels, the number of below-normal values
of cach protein was recorded for cach patient. If all
three plasma protein levels were normal, the pa-
tient was listed in column 3/3. Patients who had
only two normal protein levels were placed in
column 2/3. Assignments to columns 1/3 or 0/3
were made correspondingly. Weight loss and plas-
ma visceral protein measurements were similar. for
the two groups.

Initial RBC polyamine levels

RBC polyamine levels and the ratios of putres-
cine:spermidine and spermidine:spermine before
TPN was started are shown in Table 3.

Table 1. Patient population

Group No. of patients

Colorectal cancer (n = 16)

Stage
B 2
C 8
D 6

Noncancer (n = 6)

Benign gastric ulcer 2
Pseudointestinal obstruction 1
Radiation enteritis 1*
Short gut syndrome 1*
Benign oesophageal stricture 1

* Patients were studied twice for a total of eight sequential
polyamine determinations for the noncancer group.



Polyamines During TPN 839

Table 2.  Evaluation of nutritional status before TPN

No. of patients with plasma

Group* Wt losst  visceral proteins below normal

o3 1/3% 2/3% 3/3%

Colorectal cancer 11.8 * 4.9% 9 4 2 1

(n = 16)
Noncancer 9.0 = 4.1% 5 3 0 0
(n=18)

* n = number of determinations

t Based upon history of usual hody wt, mean £ S.D.

* Number of below-normal plasma visceral protein levels
(albumin, prealbumin, and retinol-binding protcin) before
TPN.

Host response to nutritional therapy

Duration of prcoperative TPN was 8.4 £ 5.7
days (range: 4-28 days) for the colorectal cancer
group and 8.4 £ 2.9 days (range: 7-15 days) for
the noncancer group. Patients with colorectal car-
cinoma received 55 * 11 cal/kg body wt/d and
2.6 = 0.5 g crystalline amino acid/kg body wt/d;
the noncancer group received 54 * 12 cal/kg body
wt/d and 2.7 = 0.4 g crystalline amino acid/kg
body wt/d. There was no significant difference in
length of TPN or nutritional intake. By the paired
{-test, no significant changes in plasma prealbumin
and retinol binding protcin levels were observed in
either group (Fig. 1).

RBC polyamine levels during TPN

Significant increases in RBC putrescine levels
and putrescine:spermidine ratios occurred during
TPN in the colorectal carcinoma group (Fig. 2).
There was a trend toward higher RBC spermidine
levels during TPN, although not significant. RBC
spermine level and spermidine:spermine ratios did
not change during TPN. RBC polyamine levels or
ratios did not change significantly during TPN in
the noncancer group. Increcased RBC putrescine
levels and putrescine:spermidine ratios during
TPN were unrelated to Dukes’ stages B, C and D.

Cancer
NS,

NS.

3

Plasma Retinol-binding Protein (ug/dL)
-3

Plasma Prealbumin (ug/dL)

1 L1 o | L
Pre Post Pre Post Pre Post Pre  Post

Fig. 1. Changes in plasma prealbumin (normal, 0-40 pg/dl) and
retinol-binding protein (normal, 3—6 pg/dl) levels in noncancer and
colorectal cancer patients during preoperative TPN. ‘Pre’ indicates plasma
visceral protein levels before preoperative TPN'; ‘post’ indicates levels after
7-10 days of preaperative TPN, but before surgery. N.S., not significant.

DISCUSSION

The possibility that administration of TPN solu-
tions may promotc tumor proliferation has been
considered but never confirmed. Experimental stu-
dies provide conflicting results regarding tumor
proliferation following host refeeding. Several in-
vestigators have reported enhanced tumor growth
with incrcased host nutritional intake while others
have not [2-5, 16-18]. Furthermorc, cxtensive
clinical observations, based on physical examina-
tion or roentgenographic studies, have not detected
changes in tumor size with TPN {2].

Ambiguities regarding nutrition-induced in-
creases in tumor growth may be partly explained
by the growth pattern of solid tumors, which,
based on a Gompertzian function, increases ex-
ponentially at first, then decrcases and reaches a
plateau [19]. By the time many tumors have been
detected clinically, they have rcached the platcau

Table 3. RBC polyamine levels before TPN

SPMt  PTC:SPDt: SPD:SPMt

Group* PTCt SPDt
Colorectal cancer 0.125%
(n=16) 0.094 12.03
Noncancer 0.191%
(n=8) 0.164

20.46%

11.26+

19.27% 6.23% 1.68%
16.23 3.81 1.26
7.43% 16.58% 1.65%

3.36 13.84 0.63

* 7 = number of determinations.

t PTC = putrescine, SPD = spermidine, and SPM = spermine. Values indicate mean

nmol/ml packed RBC or ratio £ S.D.

%1073
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Fig. 2. Changes in RBC putrescine levels and putrescine:spermidine

ratios in noncancer and colovectal cancer patients during preoperative

TPN. ‘Pre’ indicates polyamine analysis before preoperative TPN; ‘post’

indicates levels after 7-10 days of preoperative TPN, but before surgery.
N.S., not significant.

phase of the Gompertzian curve such that any
change in growth during TPN may be small and
undetectable. Therefore, if neoplastic proliferation
is induced by TPN, sensitive markers of tumor
growth must be developed.

The association of high ornithine decarboxylase
(ODC) activity and putrescine production with
cell proliferation indicates that polyamine synth-
esis has a regulatory role in cell growth. An
important distinction of polyamine metabolism is
that, compared with normal tissue, ncoplastic tis-
sue may have a greater requirement for polyamine
synthesis [20-22]. Russell et al. [14] suggested that
putrescine levels were related to the proliferative
behavior of tumors, based upon the close correla-
tion of urinary putrescine excretion and the thymi-
dine labelling index of multiple myeloma cells.

Our study examined RBC polyamine levels
based on a previous report showing that changes in
RBC polyamines reflected the presence of malig-
nant disease more accurately than do changes in
plasma [12]. RBC contain approximately 80-90%
of circulating polyamines; because they do not
possess the enzymes to synthesize polyamines, they
may be involved in polyamine transport from sites
of production to organs of conjugation and excre-
tion. In cancer patients, polyamines produced by
tumor cells may be absorbed by RBC to maintain
polyamine levels in various tissue and fluid com-
partments.

Patients were entered into this study based on
several considerations. Patients receiving che-
motherapy, radiotherapy or surgery were excluded
because of potential changes in polyaminc meta-
bolism induced by these forms of therapy
[11,23,24]. Women with active ovulatory cycles

and patients with intercurrent infections were also
excluded. Noncancer patients were verified to be
free of malignant discasc by the measures de-
scribed. Furthermore, patients were studied only
during preoperative TPN in which RBC polyamine
levels were determined before and after completion
of preoperative TPN. Although the cancer patients
were significantly older than the noncancer pa-
tients, the pattern of blood polyamines in adults
has been shown to be similar for this age group
[25]. Sufficient data were not available to deter-
mine if age and sex were factors contributing to the
variation of RBC putrescine levels in either group.
This study was limited by the availability of only
six noncancer patients who met the entry criteria
for this group. Eight sequential polyamine deter-
minations in the noncancer group may not be
cnough to be confident that there was no change.

One major question raised by this study is the
tissue origin of increascd RBC PTC levels during
TPN in the cancer group. In an earlier study of
TPN-induced changes in RBC polyamine levels,
the cancer group had greater nutritional deficits,
based on weight loss and plasma visceral protein
levels compared with those of the noncancer group
[26]. In the present study, the colorectal carcinoma
patients werc shown to have nutritional deficits
and responses to nutritional therapy similar to
those of the noncancer group, indicating that in-
creases in RBC putrescine during TPN were re-
lated to the presence of neoplastic disease and not
to changes in host nutritional status.

There are several reasons for increased RBC
putrescine levels during TPN in colorectal pa-
tients. One explanation is that TPN provides ex-
ogenous nutrients that lead to recruitment of Go
tumor cells into the growth fraction. The associa-
tion of urinary putrescine excretion and the thymi-
dine-labelling index of myeloma cells indircctly
supports this theory [14]. On the other hand,
increased putrescine production may not necessari-
ly reflect increased tumor proliferation. Our un-
published experiments indicate that in rats with
solid tumors growing in log-phase TPN increases
RBC putrescine levels without increasing tumor
weight or ODC activity. This would suggest that
TPN may increase ODC substrate levels, resulting
in higher putrescine biosynthesis without influenc-
ing tumor proliferation. Another explanation is
that TPN may preferentially alter the age of RBC
in colorectal carcinoma patients and not in non-
cancer patients. Cooper e al. reported that young
RBC had higher putrescine levels than old RBC
[27]. An increase in the young RBC fraction during
TPN could have resulted in increased RBC putres-
cine levels. Another possibility is that TPN pre-
ferentially altered renal excretion of polyamines in
colorectal carcinoma patients. This seems unlikely
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since plasma creatinine and BUN levels remained
in the normal range for both groups during TPN.
However, in tumor-bearing animals ODC activity
in host tissues is lower than controls [28]. The
results of our study have not established a correla-
tion between increased RBC putrescine levels and
tumor proliferation during TPN. Further inves-

tigations are in progress to determine the variables
that affect polyamine biosynthesis during TPN.
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