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Abstract Cyclocytidine (CC), a potent antitumor agent, caused a 2.3- to 5.0-fold increase 
in [3H]thyrnidine uptake of rat parotid gland after 3 days of daily administration of 500 
mg/kg body wt. Gland weight also showed a 47-67% increase from that of controls. 
Ablation of the submandibular-sublingual glands prior to initiation of the CC regimen 
prevented the usual CC-induced increase in [3H]thymidine uptake, but did not inhibit the 
increase in gland size. It is postulated that CC-induced parotid hyperplasia requires an 
initial release of growth factors from the submandibular gland; however, enlargement 
of the parotid gland by CC is independent of such factors. [P.S.E.B.M. 1991, Vol 198) 

yclocytidine (CC) is a potent antitumor agent ( l ) ,  
with side effects on organs such as the salivary C glands and the heart ( 2 ) .  These side actions 

apparently result from chronic activation of padre- 
noceptors by norepinephrine (NE) released from sym- 
pathetic nerve endings by the CC (3). In the heart, this 
effect of CC causes increased size, and, in salivary 
glands, CC causes increased mitotic activity, as well as 
an increase in gland size (3). More recently, it has been 
shown that CC also acts on the submandibular gland 
to cause the release of nerve growth factor (NGF) (4). 
The mechanism of the CC-induced release of NGF has 
not been determined. However, since NGF is released 
by CC, it becomes pertinent to determine whether the 
NGF has any role in mediation of the CC-induced 
growth responses of the parotid gland. Therefore, the 
aim of the present work was, first, to establish what, if 
any, role the submandibular gland has in mediation of 
CC-induced parotid growth and, if it does, what the 
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relative effects are on hyperplasia and hypertrophy of 
this organ. 

Materials and Methods 
Long-Evans rats, 32-49 days of age, were used in 

these experiments. Animals were maintained on Purina 
chow and water ad libitum before and after removal of 
both submandibular-sublingual glands (partial siaload- 
enectomy [Des]) under ether anesthesia. CC, in a dose 
of 500 mg/kg body wt, was intraperitoneally adminis- 
tered daily for 3 days to groups of intact rats or to those 
that had had submandibular-sublingual glands removed 
7 days earlier. On the morning of the fourth day, [3H] 
thymidine (in a dose of 50 pCi/lOO gm rat) was intra- 
peritoneally injected into CC-treated, as well as control, 
rats. Five hours later, parotid glands were removed from 
rats under anesthesia (sodium pentobarbital in a dose 
of 50 mg/kg body wt), weighed rapidly on a torsion 
balance, and then placed in Tris-HC1 buffer for moni- 
toring of [3H]thymidine incorporation. Samples (100 
pl) of tissue (homogenized at 4°C) were removed for 
precipitation with trichloroacetic acid on glass fiber 
filters, followed by the addition of scintillation mixture 
for measuring [3H]thymidine incorporation. Part of the 
sample was removed for a protein assay. Duplicate 
samples of untreated animals were used to determine 
basal rates of synthesis. Gland homogenates were pre- 
pared by centrifugation at 250g for 10 min (4°C) to 
remove connective tissue. Protein concentrations were 
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determined by the Schacterle and Pollack ( 5 )  modifi- 
cation of the Lowry protein assay using bovine serum 
albumin as standard. 

Samples of parotid gland were also placed in 
Bouin’s solution, and tissues were prepared for histo- 
logical examination. Tissues were cut at 6 p and stained 
with hematoxylin and eosin. Acinar cell size was deter- 
mined as described previously (6); since nuclear size 
was relatively constant, the number of nuclei per unit 
area served as an indicator of acinar cell size when 
counts of nuclei were made on sections of acinar cells 
only. A relative difference in the size of acinar cells 
became evident; thus, the size of acinar cells was in- 
versely related to the number of nuclei per unit area; 
ten areas per slide were counted and three slides were 
examined (one slide per animal). 

For determination of NE, tissues were first homog- 
enized (using a Brinkman polytron) in 2 ml of 0.5 A4 
cold perchloric acid, which contained sodium metabi- 
sulfite (10 mg/liter) as an antioxidant. Following cen- 
trifugation, the catecholamines in the protein-free su- 
pernatant were adsorbed with alumina at pH 8.6 in 3 
A4 Tris buffer. After washing with water, the catechol- 
amines were eluted with 0.1 M perchloric acid. 
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NE was analyzed using a modification of a method 
described by KrstuloviE ( 7 )  that employs high perform- 
ance liquid chromatography and electrochemical detec- 
tion. The separation was achieved with a Supelco 
CI8Rp3-pm column and Water’s pump. The mobile 
phase, a phosphate-citric acid buffer, contained sodium 
acetyl sulfate as an ion pair and methanol as a modifier. 
The eluting compounds were detected with a Bioana- 
lytical Systems amperometric detector, set at a potential 
of +0.5 V. NE analyses were run in duplicate and were 
reproducible. Recovery studies showed an 80-90% re- 
covery of NE, but an internal standard (dihydroxy- 
benzlamine) was also run for each sample to correct for 
differences in each sample. A Student’s t test was used 
for statistical analysis of the data. 

Results 
The data in Figure 1 show effects of partial siaload- 

enectomy on CC-induced [ 3H]thymidine incorporation 
into the rat parotid gland. The parotid glands of rats 
32, 37, 38, 45, and 46 days of age showed a 2.3- to 5.0- 
fold increase in [3H]thymidine uptake over those of 
controls when CC was administered daily for 3 days. In 

Age = 3% days Age = 45 days Age = 46 days 
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Figure 1. Values are means & SE of [3H]thymidine incorporation into DNA of rat parotid gland after administration of cyclocytidine (rats 
intraperitoneally injected daily for 3 days with CC in a dose of 500 mg/kg body wt) to intact animals (designated CC). CC values are significantly 
different from those of chow controls (Ch) (P < 0.01), and Des (partially sialadenectomized) CC values differ significantly from those of chow 
Controls and alSO from CC values (P < 0.01). The number in parentheses indicates the number of rats; the ages of rats are given in days. 
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Figure 2. Values are means k SE of parotid gland weight (mg) of rats of the same groups described in Figure 1. Symbols are also the same. 
Values for CC and Des CC do not differ significantly from each other (P > 0.01), but do differ significantly (P < 0.01) from Ch values. 

Table I. Norepinephrine Concentration of Parotid Gland of Immature Rats after Daily Administration of 
Cyclocytidine for 3 Days" 

NoreDineDhrine 

Control 
Cyclocytidine 
Control 
C yclocytidine 
Des-Cyclocytidine 
Control 
Cyclocytidine 
Des-Cyclocytidine 

35 157 * 9 

44 165 k 2 
252 * 10 

330 * 26 
297 k 10 

339 k 10 
329 k 11 

49 220 f 3 

728 f 29 (5) 

631 f 22 (4) 
185 k 3 (3) 
185 f 18 (4) 

271 k 5 (4) 
250 f 35 (5) 

284 * 6 (5)  

735 k 23 (4) 

114 
72 

103 
61 
55 

162 
92 
82 

a Values are means k SE The number of rats is indicated in parentheses Cyclocytidine (500 mg/kg body wt) was administered intraperitoneally 
daily for 3 days All values for cyclocytidine and Des-cyclocytidine differ significantly (P < 0 01) from control Values for cyclocytidine and Des- 
cyclocytidine do not differ significantly from each other (P > 0 01) 

Nanogram per gram of wet weight of parotid 

rats from which the submandibular-sublingual glands 
were removed prior to initiation of the CC injections, 
there was no increase in ['Hlthymidine of the parotid 
gland after CC treatment, and values were the same or 
even less than those of control animals (Fig. 1). 

Gland weight showed a different pattern of change 
from that seen with [3H]thymidine uptake. As shown 

by data in Figure 2. the administration of CC caused 
an increase of 47-6792 in gland weight when a com- 
parison was made with controls. The increases observed 
when CC was given to rats following removal of the 
submandibular-sublingual glands were similar to the 
values of intact rats given CC. The size of the parotid 
gland was increased chiefly as a consequence of an 
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increase in the size of acinar cells. The size of the parotid 
acinar cells, inversely related to the number of nuclei 
per unit area, varied with the experimental permuta- 
tions, as followed: Chow Con, 1 1  f 0.9 (three rats); CC, 
6 k 0.4 (three rats); Des CC, 6 5 0.5 (three rats). The 
total protein also served as an indication of change in 
the size of the gland, and the representative concentra- 
tions (mg/ml) for the two age groups were as follows 
(number of rats in parentheses) age, 32 days: Con, 1 1.1 
f 0.4 ( n  = 5 ) ;  CC, 13.4 5 0.3 ( n  = 8); Des CC, 11.4 k 
0.3 ( n  = 10); age, 46 days: Con, 11  k 0.5 ( n  = 11) ;  CC, 
13.8 f 0.3 ( n  = 10); Des CC, 12.9 f 0.4 ( n  = 7). 

The NE levels of the parotid gland (measured in 
three age groups after 3 days of CC administration) 
were markedly reduced from those of controls. The NE 
concentrations of the CC-treated parotid gland of 35- 
day-old rats were reduced 6 1% from that of controls; 
those of 44-day-old rats were reduced 7 1 %, and those 
of 49-day-old rats were reduced 63% (Table I). CC 
caused a decrease in the NE of the parotid gland in rats 
without submandibular glands of 7 1 % and 66% for 44- 
and 49-day age groups. Since CC caused an increase in 
the size of the gland, comparisons of total NE reduc- 
tions were also calculated. Values for total glandular 
NE of CC-treated rats showed reductions of 37-43% 
from controls. 

The acute effects of CC were also examined. NE of 
the parotid gland 1 hr after CC administration was 
decreased 5 1 % from that of controls; the value for NE 
of CC-treated rats was 412 f 44 ng/g (six rats), and 
that of controls was 837 f 20 ng/g (nine rats) (age = 
32 days). 

Discussion 
Present data confirm the previous observation that 

CC administered over a period of several days causes 
enlargement of the rat parotid gland (1,  2). The data 
also provide new evidence showing that marked cell 
proliferation occurs following CC treatment, since [3H] 
thymidine levels of the parotid gland showed a 2.3- to 
5.0-fold increase over those of controls. The thymidine 
increase usually induced by CC was, however, com- 
pletely prevented when the submandibular-sublingual 
glands were removed prior to initiation of CC treat- 
ment, but the increase in gland size was not. Thus, the 
data indicate that the presence of the submandibular 
gland is essential for the induction of DNA synthesis 
by CC, but it is not essential for a CC-induced increase 
in gland size. Earlier work attributed the CC-induced 
growth responses of the parotid gland to chronic acti- 
vation of @-adrenoceptors by NE released from the 
sympathetic nerve endings by CC (3, 8). Present data 
support the view that CC causes NE release inasmuch 
as NE of the parotid gland is reduced from controls by 
5 1 % 1 hr after a single injection and by as much as 6 1- 
7 1 %  after the 3-day CC regimen. In fact, total glandular 

NE was also reduced by 37-43%. This change in total 
NE is important, since the size of the CC-treated glands 
was increased from controls. Thus, even though glan- 
dular measurements of NE are only an indirect indi- 
cator of NE released from the sympathetic nerves, these 
changes do support the view that CC causes NE release. 
Thus, present data show that the proliferative response 
induced by CC involves the NE-induced activation of 
P-adrenoceptors on the parotid gland (9), but also re- 
quires the presence of the submandibular gland. It is 
well known that growth factors (NGF and epidermal 
growth factor, for example) are produced almost exclu- 
sively by the submandibular gland (10, 1 1); NGF, e.g., 
after being produced, is then taken up by adrenergic 
nerve terminals, after which it is transported to the 
perikaryon to exert effects on various neuronal func- 
tions (12). It has also been shown that CC induces the 
release of NGF from the submandibular gland (4). 
Thus, NGF (and epidermal growth factor as well) may 
be released with NE from sympathetic nerve endings 
by CC, and the [3H]thymidine increase in the parotid 
gland is facilitated by the action of both at the appro- 
priate parotid receptors. Thus, chronic @-adrenoceptor 
activation and the presence of the submandibular gland 
are essential to the induction of parotid mitogenesis by 
cc. 

On the other hand, enlargement of the parotid 
gland, and specifically of its acinar cells, does not 
depend on the submandibular growth factors, since the 
hypertrophic response to CC occurs even in the absence 
of the submandibular gland. This was evident by meas- 
urements of total protein. as well as of gland weight 
and cell size. The hypertrophy thus must be attributed 
to direct activation of adrenergic receptors by NE re- 
leased from sympathetic nerve endings on the parotid 
gland by CC (9). Moreover, the similarities in the 
reduction of NE of the parotid gland of intact CC- 
treated rats and the partially sialoadenectomized rats 
treated with CC bear out this point. 
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