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Diminution in autonomically mediated 
glandular activity leads to a decrease in size 
of rat parotid, and the degree of reduction in 
size is related to the kind and extent of auto- 
nomic deprivation ( 1). Cell size is also de- 
creased under these circumstances but the de- 
crease in gland and cell size are not always 
parallel. For example, the decrease in cell size 
observed when autonomically mediated glan- 
dular activity is reduced by maintenance of 
animals on liquid diet is somewhat greater 
than that observed when both postganglionic 
branches to the gland are surgically removed; 
gland size on the other hand is reduced by 
50% in the latter condition and by only 35% 
with the liquid diet (2).  Gland size, however, 
depends not only on size of cells but also on 
number of cells, and i t  is well known that 
excessive autonomic stimulation can effect in- 
creases in cell number of salivary glands ( 3 ) .  
On the other hand, there are few reports de- 
scribing cell number when autonomic influ- 
ences have been decreased. Furthermore, in 
these few reports evidence for the autonomic 
effect is indirect (4, 5) ,  or the data were ob- 
tained on immature gland where mitotic ac- 
tivity is normally very high (6).  The present 
work was therefore undertaken to determine 
cell number in the mitotically stable adult 
parotid following selective elimination, main- 
ly by surgical denervation, of autonomic in- 
fluences. 

Material and Methods. Female Long-Evans 
rats, 6 mo old, were used in these experiments 
and maintained on water and solid chow until 
initiation of experimental procedures. At this 
time, under ether anesthesia, unilateral ex- 
cision of the superior cervical ganglion was 
effected (Sx), in some groups of rats, while 
unilateral removal of 6 mm of the auriculo- 
temporal nerve (Px) was effected in others. 

In addition a combination of these two pro- 
cedures was used for other groups of ani- 
mals (PxSx), while still others underwent 
sham-operations (Sh) or were maintained ex- 
clusively on a liquid diet, either of M e t r e d  
or milk. The denervated groups and sham- 
operated groups were maintained thereafter 
on solid chow and water ad libitum, for 
varying intervals. At these intervals, animals 
were anesthetized with 1 %  Nembutal, and 
the paired unstimulated parotid glands were 
removed, each was weighed rapidly on a 
torsion balance and then placed separately 
either in ice-cold 0.4 N HClOa for extraction 
of nucleic acids, or in Bouin's for subsequent 
histological examination. Sections were stained 
with hematoxylin and eosin and mitotic counts 
were made on fields containing only acini; 
number of cells was determined by counting 
number of nuclei per calibrated area as pre- 
viously described ( 1  ). Mitotic counts were 
made on denervated and innervated glands 
of a pair at 1, 2, 3,  4, 6 and 8 days after 
surgery; with sham-operated rats, counts 
were made at  2, 3, and 6 days after surgery. 
Extraction of nucleic acids invoked homoge- 
nizing the whole gland at  0-4" in 0.4 N 
HC104 and then centrifuging. The superna- 
tant fluid which contains acid-soluble nucleo- 
tides (including ATP) was discarded. The 
precipitate was then dispersed and washed 
3 times with cold HC104 to remove any 
residual acid-soluble material. The precipitate 
was then hydrolyzed at 90" for 15 min in 
0.4 N HC104. Total nucleic acids were then 
determined by measurement of optical density 
at 260 nm (7, 8). Total DNA was determined 
using the diphenylamine reaction (9), and 
estimates of total RNA were obtained by sub- 
tracting DNA from total nucleic acids. Since 
i t  was shown in previous work that gland 
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TABLE I. Gland Weight, DNA and RNA of Rat Parotid at  4, 14 and 84 days after Denervation 
or Institution of Liquid Diet." 

Condition No. rats 

Unop Ch, 6 mo 
9 mo 

sx  
Con 
Px 
Con 
PXSX 
Con 

s x  
Con 
Px 
Con 
PXSX 
Con 

Unop ME 
Unop MI 

sx 
Con 
PXSX 
Con 

17 
5 

4 

4 

4 

14 

12 

16 

8 
8 

4 

5 

GI. wt (mg) DNA (&/gland) RNA (,&/gland) 

185 & 7b 752 2 35 1878 k 81 
200 * 9 767 f 50 1985 2 89 

4 days after denervation 
203 & 7c 925 k 20" 2146 225 
173 & 8 805 10 1958 e 2'76 

1276 110" 156 2 16 759 f 55 
189 f 10 745 & 55 2070 k 164 

618 2 53 969 2 90" 140 -+ 14 
171 f 12 618 I+ 39 1925 f 143 

14 days after denervation or liquid diet 
168 2 8" 715 k 15 1 6 7 0 5  5SC 
182 f 7 707 2 21 2030-1 78 
112 f 6" 637 2 3OC 797 68" 
174 2 7 785 2 31 1841 2 69 
123 2 6" 628 2 29" 662 f 45" 
1 9 8 2  9 806 k 29 2154 k 125 
1 2 6 k  7O 692 k 20 1205 & 56" 
113f 6" 667 24 951 2 19" 

84 days after denervation 
232 2 11 743 2 38 
225 2 22 711 -t- 88 
150 2 4" 572 -t- 20 
250 5 26 752 k 65 

~ ~ ~ ~~~~ 

a Refers to days after unilateral denervation involving removal of superior cervical ganglion (Sx); 
auriculotemporal nerve (Px); combination of these two procedures (PxSx); or after institution of 
liquid diet regimen of liquid Metrecal (ME) or milk (MI) to unoperated rats; Con in each case 
refers to innervated contralateral member of pair; Unop Ch are innervated glands of unoperated 
rats (6 or 9 mo of age), maintained, like operated rats, on solid chow. Gland weight, DNA and RNA 
of innervated glands of sham-operated rats were, at either 4 or 14 days after surgery, not different 
from those of innervated glands of unoperated rats (at least 3 rats were used for each group). 

@ M  r+ SE. 
"Value is significantly different ( p  < . O l )  from contralateral innervated gland and also inner- 

vated glands of unoperated rats. 

enlargement with sympathectomy was not 
evident until 4 days after denervation, DNA 
and RNA were not determined until 4 days 
after denervation or sham surgery. These 
parameters were also determined after 14 days 
of denervation or sham surgery, and after 
14 days of maintenance of rats on liquid 
diet. Only selected groups were used after 84 
days of denervation and in these cases, only 
gland weight and DNA were determined. In- 
nervated glands from unoperated rats at  6 
and approximately 9 mo of age were also re- 
moved and examined for gland size, DNA, 
RNA, and mitotic index. 

Results. Four days after unilateral removal 

of the superior cervical ganglion, values for 
gland weight and total DNA of the denervated 
parotid of adult female rats were significantly 
higher (about 15%) than those of the con- 
tralateral innervated glands. RNA was not, 
however, significantly different (9 > .Ol) . On 
the other hand, in parasympathectomized or 
completely denervated glands, organ weight 
and total DNA were not significantly differ- 
ent from those of the innervated mates. How- 
ever, total RNA of these denervated glands 
was significantly lower than contralateral con- 
trols ( p  < .Ol) (Table I) .  In sham-operated 
rats, these parameters were not affected. 

Two weeks after unilateral removal of the 
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parasympathetic and sympathetic postgang- 
lionic fibers to the parotid, total DNA of 
denervated glands was consistently less than 
that of the innervated mates. The mean dif- 
ference between DNA of denervated and con- 
tralateral innervated glands was approx- 
imately 22 % (Table I ) .  The difference was 
somewhat less when comparison was made 
with innervated glands of unoperated rats 

Removal of the parasympathetic innervation 
alone resulted, after 2 wk, in a reduction in 
DNA of 16-18% (Table I ) .  This was gener- 
ally similar in magnitude to that observed 
with complete postganglionectomy. With 
sympathectomy of 14 days duration, DNA 
of the denervated glands did not differ from 
that of innervated mates (Table I ) .  In  glands 
of sham-operated rats (14 days after surgery) 
or those of rats maintained on liquid diet 
(milk or Metrecal) for 14 days, DNA con- 
tent was not significantly different from that 
of unoperated rats maintained on chow 
(Table I). 

Total RNA of PxSx glands was markedly 
reduced (by about 7 1 % )  from that of the 
innervated contralateral gland or innervated 
glands of unoperated rats (Table I ) .  On the 
other hand, maintenance of animals on liquid 
diet resulted in only a 55% decrease in total 
RNA when comparison was made with a 
group of rats maintained on solid food (Table 
I ) .  This decrease was similar in magnitude to 
that induced by parasympathectomy alone 
(Table I) .  With sympathectomy the decrease 
in total RNA was only 12%. 

The changes in gland weight after 14 days 
of denervation or use of liquid diet generally 
reflected the concomitant changes in DNA 
and RNA. Thus, with PxSx, Px, or liquid 
diet, gland weight showed reductions of 32- 
4370 when comparison was made with in- 
nervated glands, but Sx glands showed only 
about 10% reduction. 

After 84 days of denervation, gland weight 
and DNA of selected groups were examined 
to see if the earlier (14 days) atrophic effects 
had been superseded by regenerative changes. 
The two chosen represented the extremes of 
change: PxSx, where atrophy was maximal, 
and Sx where it was minimal. DNA levels, of 

(16%). 

PxSx and Sx glands as well as the innervated 
mates of such glands, remained at the same 
levels exhibited after only 14 days of de- 
nervation (Table I ) .  Thus, DNA of PxSx 
glands remained reduced while that of Sx 
glands again did not differ from that of 
innervated glands. The levels of contralateral 
innervated glands also did not differ from 
14 day levels (Table I ) .  On the other hand, 
while gland weight increased somewhat in 
all glands, the weight of the PxSx glands re- 
mained significantly less (# < .Ol) than that 
of innervated glands from rats of the same 
age (Table I). 

Since, after 4 days of denervation, DNA 
and gland size of the Sx glands were elevated 
above values recorded for the normally in- 
nervated glands (contralateral or unoperat- 
ed),  i t  was considered important to examine 
the mitotic activity of denervated glands in 
the first few days following denervation. When 
comparison was made with innervated glands 
of unoperated adult rats maintained on solid 
chow, increases in mitotic activity were re- 
corded for denervated as well as contralateral 
innervated glands (Table 11). These changes 
were related to the kind and duration of 
denervation (Table 11). It is clear from the 
data that most marked changes occurred 
when denervation included removal of a 
superior cervical ganglion. In these instances 
(Sx alone as well as PxSx) , both innervated 
and denervated glands exhibited increases in 
mitotic rate. The denervated gland, however, 
showed the most marked changes in magni- 
tude. The mitotic rate was higher after 2 
days, and reached maximal levels of 19 t 3 
per 1000 acinar cells in Sx glands, and 1 5  2 3 
per 1000 in PxSx glands. Sharp decreases 
occurred thereafter (0-3/1000), but some 
mitotic activity was still evident 4 days after 
denervation (Table 11). The increases in the 
innervated member of the pair were com- 
paratively small and at  2, 3 or 4 days after 
denervation, mitotic rate was only 2-3/1000 
acinar cells. Mitotic activity was not evident 
in either denervated or innervated glands 6 
or 8 days after surgery. 

With unilateral parasympathectomy (Px) , 
neither denervated nor innervated glands 
showed appreciable mitotic activity following 
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TABLE 11. Time Course of Mitotic Changes in Denervated and Contralateral Innervated Parotid 
of Rats Maintained on Solid Food." 

After 
denerv. 
(days) Sx Con Px Con PxSx Con Unop Con 

Mitoses/ 1000 acinar cells 

0 0.01 * 02 (7) 
1 1 2 0.7 1 +- 1.0 (3) 0 & 0.5 0 (3) 0 k 0.5 0 (3) 
2 19 rt 3.4 2 k 0.4 (12) 0 0.1 0 (14) 15 & 3.1 2 & 0.7 (13) 
3 1 k 0.5 3 2 1.2 (7) 1 & 0.4 2 k 2.0 (6) 0 1 & 0.4 (4) 
4 3 k 1.0 2 & 0.6 (6) 1 k 0.5 1 k 0.5 (4) 0 2 k 1.5 (4) 
6 0 0 (3) 0 0 0 (2) 
8 0 0 (4) 0 0 (2) 0 (2) 

" No. of rats is given in parentheses. Sham-operated rats at 2, 3, and 6 days after surgery showed 
little or no mitotic activity. Days after denerv. refers to days after unilateral denervation involving 
removal of superior cervical ganglion (Sx); auriculotemporal nerve (Px); or combination of these 
two procedures (PxSx); Con in each case refers to innervated contralateral member of pair; Unop 
Con are innervated glands of unoperated rats, maintained, like the operated rats, on solid chow. 

the surgery. A very slight increase in the 
denervated glands was noted 3 days after 
parasympathectomy; a t  the same time, the 
contralateral gland exhibited a somewhat 
greater burst of mitosis (Table 11). There- 
after mitotic activity was not evident in either 
member of the pair. 

Little or no increase in mitotic activity was 
observed in either sham-operated glands or 
the contralateral gland of these same animals. 
No mitotic activity was seen in animals on 
all-liquid diet a t  1, 2, 3 or 4 days after in- 
stitution of this regimen. 

Discussion. The effects of sympathectomy 
on cell number of parotid of adult rat may 
be described as biphasic. In the early phase 
(1-4 days after denervation) gland size in- 
creases, and this is at least partially accounted 
for by the increase in mitotic activity and 
total DNA which occur. After this early 
phase, gland size decreases ( 10). This change 
is consistent with the observed decrease in 
DNA to normal levels and with the previously 
reported reduction in cell size (10). Cell 
number is thus not reduced by sympath- 
ectomy, even of long duration (84 days). 

Parasympathectomy on the other hand not 
only causes a reduction in gland and cell size 
( 3 ) ,  but also a modest reduction in cell num- 
ber from that of innervated glands. This re- 
duction is, however, not apparent until 14 
days after denervation. The observation that 
DNA of Px glands is reduced to the same 
extent as that of PxSx glands is consistent 

with the view that the parasympathetic in- 
nervation is solely responsible for the change 
in cell number. Furthermore, without the 
parasympathetic innervation, cell number re- 
mains permanently reduced (levels still low 
after 84 days). In the immature gland, while 
the same general effects are observed (6), the 
parasympathetic innervation exerts a more 
marked effect on cell number than i t  does 
in the adult. Since the parotid in the im- 
mature rat is a rapidly dividing system ( 1  1 ,  
12 )  while that of the adult is a mitotically 
stable system (3 ) ,  it may be concluded that 
the parasympathetic influence on the non- 
dividing system is less pronounced than its 
influence on the dividing system. 

Maintenance on liquid diet also leads to 
a decrease in parasympathetically mediated 
effects ( 1 3 ) .  Since the decrease in gland size 
effected by this regimen is not accompanied 
by a decrease in cell number (2),  i t  would 
appear that an effect on cell number appears 
only when the parasympathetic pathway has 
been surgically eliminated. However, the ex- 
planation for these differences more probably 
is related to the finding that all parasympathe- 
tically mediated influences are not eliminated 
with liquid diet (14). Thus, it is possible that 
a sufficient level of parasympathetically 
mediated influence (either activity or trophic) 
remains with liquid diet to maintain cell 
number. 

The differences between DNA levels of the 
denervated and innervated glands in the same 
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animal are more marked than differences be- 
tween DNA levels of denervated glands and 
innervated glands of unoperated animals. The 
well-known compensatory enlargement ( 15) 
of the contralateral innervated gland can ac- 
count for these differences. The present data 
also show that this compensatory enlargement 
is evident only when parasympathetic dener- 
vation is involved. The decreased mass of the 
denervated gland could impose an increased 
physiological load on the innervated gland, 
leading ultimately to its enlargement. Humoral 
factors released into the blood following tissue 
loss caused by denervation (16) may also 
be involved as causative factors in com- 
pensatory enlargement, and in the mitotic 
activity induced in denervated glands also. 
However, other factors must be involved in 
the mitotic activity induced in denervated 
glands since the appearance and degree of 
mitotic activity in such glands are dependent 
on the specific kind of denervation. I t  is 
possible, for example, that the heightened 
sensitivity of the denervated gland to cir- 
culating neurotransmitter substances plays 
a significant role in causing the mitotic re- 
sponse in the denervated gland. This super- 
sensitivity occurs within 2 days after dener- 
vation (17 ) ,  the same time at  which the 
sympathectomized gland exhibits maximal 
mitotic activity. Supersensitivity may also 
play a role in the glandular response to para- 
sympathectomy. In this case, however, 
mitosis is not prominent, but no cell loss 
occurs. Therefore, maintenance of cell number 
immediately after parasympathectomy may 
also be a consequence of supersensitivity. 
The effects attributed to supersensitivity are 
apparently limited to the period when the 
altered physiological status is first manifested. 
This is not surprising when examined in re- 
lation to other situations where an alteration 
in physiological status of the gland appears 
to play a role in induction of mitosis (18). 
Thus, glands of rats maintained on liquid 
diet exhibit a reduced level of physiological 
activity ( 2 ) ,  and respond to the modest stim- 
ulus of chewing solid food with a burst of 
mitosis, similar in magnitude and time of 
development to that observed with sym- 
pathectomy (14). The altered physiological 

status exhibited by ME glands as well as 
Sx glands may be the prerequisite for mitosis 
induction; in this state, the gland is then 
responsive to previously ineffective stimuli. 

Summary. Unilateral removal of the auri- 
culotemporal nerve to parotid of adult 
rat results in decrease in gland size, total 
DNA and RNA. Some of these changes are 
evident 4 days after denervation; by 14 
days, decreases in all three parameters are 
pronounced, and remain at this level even 
after 84 days. If the superior cervical ganglion 
is unilaterally removed, weight and DNA 
of the denervated gland are increased 4 days 
after denervation, but after 14 days, DNA 
is decreased to levels of the innervated gland, 
and small decreases in RNA and gland size 
are seen. With either parasyrnpathectomy 
or complete postganglionectomy, DNA is re- 
duced by approximately 16% when compar- 
ison is made with innervated glands in the 
same animals. In view of the gland enlarge- 
ment observed 4 days after sympathectomy, 
mitotic activity was followed during the first 
6 days following denervation. Marked mi totic 
activity was observed in both Sx and PxSx 
glands, and maximal levels of 15-19 per 1000 
acinar cells were recorded after 2 days; Px 
glands did not exhibit mitotic bursts and 
mitotic activity in these, as well as in the 
innervated glands was relatively low (1-3 per 
1000). I t  is suggested that the altered 
physiological status of the glands provides the 
background for induction of mitosis. 

This work was supported in part by a grant from 
U.S. Public Health Service, DE 02110. T,he author 
thanks the Dairy Council of Greater Birmingham 
for generously supplying milk used, and Mead John- 
son Co. for supplying Metrecal. 

1. Schneyer, C. A., and Hall, H. D., in “Secretory 
Mechanisms of Salivary Glands” (L. H. Schneyer 
and C. A. Schneyer, eds.), p. 155. Academic Press, 
New York (1967). 

2 .  Hall, H.  D., and Schneyer, C. A., Proc. Sm. 
Exp. Biol. Med. 117, 789 (1964). 

3. Schneyer, C. A., in “Regulation of Organ and 
Tissue Growth” (R.  GOSS, cd.), p. 211. Academic 
Press, New York (1972). 

4. Molnar, J., Tigyi, A., Lissak, K., and Juhasz, 
P., Acta Physiol. Scand. 28, 41 (1965). 

5. Hall, H. D., and Schneyer, C. A., Proc. SOC. 
Exp. Biol. Med. 131, 1288 (1969). 



PAROTID MITOSIS AND CELL NUMBER 547 

6. khneyer, C. A., and Hall, H. D., Amer. J. 

7. Ceriotti, G., J. Biol. Chem. 214, 59 (1955). 
8. Schneider, W. C., J. Biol. Chem. 161, 293 

9. Burton, K., Biochem. J. 62, 315 (1956). 
10. Schneyer, C. A., and Hall, H. D., Amer. J. 

11. Wini’ck, M., and Noble, A., Develop. Biol. 

12. Schneyer, C. A., and Hall, H. D., Proc. SOC. 

13. Hall, H. D., and Schneyer, C. A., Int. Ass. 

Physiol. 219, 11268 (1970). 

(1945). 

Physiol. 211, 943 (1966). 

12, 451 (1965). 

Exp. Biol. Med. 130, 603 (1969). 

Dent. Res. 47, 163 (1969). 
14. Schneyer, C. A., and Hall, H. D., Amer. J. 

Physiol. 211, 943 (1866). 
15. Lacassagne, A., and Cause,  R., C. R. SOC. 

Biol. 135, 241 (1941). 
16. Alho, A., Acta Pathol. Microbiol, Scand. Suppl. 

149, 11 (1961). 
17. Emmelin, N. G., in “Handbook of Physiology- 

Alimenbary Canal” (C. F. Code, ed.), Vol. 2 ,  p. 595. 
Amer. Physiol. SOC., Washington, DC (196’1). 

18. Schneyer, C. A., Proc. Saoc. Exp. Biol. Med. 
134, 98 (1970). 
Received Sept. 15, 1972. P.S.E.B.M., 1973, Vol. 142. 


