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The sa l iva ry  r ibonuclease  act ivi ty  was invest igated in healthy human subjects  and pat ients  with v a r i -  
ous ga s t ro - in t e s t i na l  d i s ea s e s  (carc inoma of the s tomach,  bac i l l a ry  dysen te ry ,  food poisoning).  Both acid 
and alkal ine r ibonuc leases  were  detected in the sa l iva .  The ta t t e r  d i f fers  in i ts  p r o p e r t i e s  f r o m  pancrea t i c  
r ibonuc lease .  The sa l iva ry  r ibonuc leases  act ivi ty  is  c l ea r ly  reduced in pat ients  with gas t r i c  ca rc inoma .  

Because  of the impor tan t  biological  role  of r ibonuelease  in cel l  act ivi ty,  the p r o p e r t i e s  of this en-  
zyme have been intensively  studied in ex t r ac t s  and homogenates  of many t i s sues  and organs  [2, 5, 7, 8, 11]. 
However,  little informat ion  is  avai lable  on the r ibonuclease  act ivi ty of human sa l iva  [3, 6]. 

In the p r e s e n t  invest igat ion cer ta in  p r o p e r t i e s  of human sa l iva ry  r ibonuc leases  were  inves t igated and 
the s a l i va ry  r ibonuclease  act ivi ty under  n o r m a l  conditions and in cer ta in  pathological  s ta tes  was compared .  

E X P E R I M E N T A L  M E T H O D  

Ribonuclease  act ivi ty of the sa l iva  was de te rmined  in 24 healthy pe r sons ,  15 pat ients  with c a r c i n o m a  
of the s tomach,  10 pa t ien ts  with food poisoning, and 21 with bac i l l a ry  dysen te ry .  The sa l iva  was col lected 
in the morn ing  before  b reakfas t ,  without the use of s ia logogues .  The s amp le s  of sa l iva  were  cooled and 
centr i fuged at 2-4 ~ . 

H igh-po lymer  cy top lasmic  RNA iso la ted  f r o m  ra t  l iver  by the Kirby - Georg iev  method [1] was 
used as subs t ra te .  The solution of h igh -po lymer  RNA was used for  7-10 days.  
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Fig. 1. Sa l ivary  r iboncutease  ac t iv i ty  
as a function of t ime .  Composi t ion of 
incubation mix ture  given in text .  Incu-  
bation at  37 ~ . 

The incubation mixture  contained (in 3 ml): 15,) #moles  
Tr i s -HC1 buffer  (pH 7.8), 330 #moles  NaC1, 1.5 mg RNA, and 0.1 
ml  sal iva.  Incubation continued fo r  15 rain at  37 ~ The p r e c i p -  
i tating agent  was pe rch to r i c  acid (final concentra t ion 0.5 M). 
The opt ical  density was de te rmined  in a type SF-4 spec t ropho-  
t o m e t e r  at  260 rag. The unit of r ibonuclease  act ivi ty  which was 
adopted was the quantity of ac id-so luble  f rac t ion  producing a 
change in opt ical  densi ty of 0.1 under  s tandard  conditions.  P r o -  
tein was de te rmined  by Lowry ' s  method [9]. The specif ic  ac t iv -  
ity was  calculated p e r  m i l l i g r a m  of prote in .  

The effect  of pH, t e m p e r a t u r e  (with de te rmina t ion  of the 
t e m p e r a t u r e  optimum),  and mg 2+ ions on r ibonuc lease  act ivi ty  
and i ts  r e s i s t a n c e  to heat  we re  all  studied in an incubation m i x -  
ture  of the composi t ion descr ibed  above.  

E X P E R I M E N T A L  R E S U L T S  

Sal ivary r ibonuclease  act ivi ty  as a function of t ime is i l -  
lus t ra ted  in Fig. 1. The l inear  re la t ionship  p e r s i s t s  for  40 rain. 
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Fig. 2. Salivary ribonuclease activity as a function of protein concen- 
tration. A volume of saliva containing from 15 to 120 #g protein was 
added to the incubation mixture. Incubation for 15 rain at 37 ~ 

Fig. 3. Effect of pH on sal ivary r ibonuclease activity. Buffer solu-  
tions (0.1 1Vi): Tris-HC1 buffer, pii 7.6-9.0; phosphate buffer, pH 6.2- 
7.5; acetate buffer pH 5.0-6olo Maximal enzyme activity taken as 100%. 

During this period ribonuclease activity was proportional to enzyme concentration (Fig. 2). The results of 
experiments to determine the effect of pii on ribonuclease activity of saliva obtained from 3 adult males 
aged from 25 to 40 years are shown in Fig. 3. High ribonuclease activity was maintained over a wide range 
of pH values (from 6.3 to 8.5). The principal optimum occurred in an alkaline medium (pH 7.8-8.0), and a 
subsidiary optimum was found in an acid medium (pH 6.3-6.5). 

Investigation of the resistance of salivary ribonuclease to heat demonstrated its high thermostability. 
After heating to 95 ~ for 8 rain at plI 3.5, no decrease in the ribonuclease activity of the saliva was observed. 
Heating the saliva for i0 rain under the same conditions reduced the ribonuclease activity by 8-10%. Incu- 
bation of saliva with substrate under the same conditions but at different temperatures showed maintenance 
of high ribonuclease activity between temperatures of 50 and 70 ~ The temperature optimum under these 
conditions was 65 ~ Addition of Mg 2+ ions in different concentrations lowered the ribonuclease activity: in 
a concentration of 0.003 M by 6-8%, 0.006 M by 9-11%, and 0.012 M by 23-27%. 

The next investigations were to study salivary ribonuclease activity under normal and pathological 
conditions. No definite changes in ribonuclease activity dependent on sex or age could be discovered. In 
patients with gastric carcinoma a marked decrease in ribonuclease activity was observed, compared both 
with the control group (P < 0.001) and the groups of patients with bacillary dysentery (P < 0.01) and with 
food poisoning (P < 0.001; Table i). The distribution of ribonuclease activity in patients with carcinoma 
of the stomach compared with healthy persons is interesting. The number of samples with activity between 
0 and 19 in the group with gastric carcinoma was 40%, and in the control group it was zero; the number of 
samples with activity from 0 to 29 was 86.6% in the group of patients with gastric carcinoma and 12.5% in 
the control group. The decrease in ribonuclease activity in patients with food poisoning and bacillary dys- 
entery compared with the control group was not significant (P > 0.05). 

Bearing in mind that the mean volume of saliva secreted per diem is 1500 ml, the daily excretion of 
alkaline salivary ribonuclease calculated as crystalline pancreatic enzyme is 63 pg. 

The results indicate that saliva contains both alkaline (pii 7.8-8.0) and acid (pH 6.3-6.5) ribonuclease. 
The study of the pure secretions of the parotid and submandibular salivary glands under conditions pre- 
cluding contamination with microorganisms and leukocytes revealed similar pii optima of salivary ribonu- 
elease activity [9]. High ribonuclease activity of the total saliva was found to be due to the ribonuclease 
activity of the pure secretions of the parotid and submandibular salivary glands. Acid and alkaline ribonu- 
cleases have also been found in homogenates of mouse salivary glands [4]. It is unlikely that contamination 
of the ora l  cavity by mic roo rgan i sm s  and leukocytes has any significant effect on the total sal ivary r ibonu-  
clease activity. 
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TABLE i. 
Carcinoma, Food Poisoning, and Bacillary Dysentery 

Salivary Ribonuclease Activity of Patients with Gastric 

Number of 
Source of salivary ribonuclease determina- M• P 

t!on_s 

24 

15 

10 

21 

45.4~-3.2 
24.4• 
42.3• 
37.1• 

Healthy persons 
Patients with gastric carcinoma 
Patients with food poisoning 
Patients with bacillary dysentery 

m 

< 0 .001  

> 0 .05  

> 0 .05  

It is an interesting fact that the study of the ribonuclease activity of various human physiological 
fluids (blood serum, cerebrospinal fluid) has revealed only an alkaline enzyme. The presence of an acid 
ribonuclease likewise has not been demonstrated on the skin surface. Only in human urine have both acid 
and alkaline ribonuclease been discovered [2]. Consequently, only human saliva and urine contaJLn acid and 
alkaline ribonuclease. Since only the alkaline enzyme is found in the blood serum, this cannot be the source 
of the acid ribonuclease. The most probable source of the enzyme is the salivary glands. Since the sali- 
vary ribonucleases were not purified in this investigation, the information obtained regarding the proper- 
ties of the alkaline ribonuclease must be regarded as preliminary. According to these preliminary data 
(PH optimum 7.8, temperature optimum 65 ~ high thermostability), salivary alkaline ribonuclease is indis- 
tinguishable from the recently described [II] alkaline ribonuclease of the human pancreas. Similarity be- 
tween pancreatic ribonuelease and the alkaline ribonuclease of the blood has been demonstrated ]previously 
[i0]. Besides the salivary glands as a probable source of salivary alkaline ribonuclease, the possibility of 
a pancreatic origin of this enzyme thus cannot be ruled out. 

The possibility of a pancreatic origin of the salivary alkaline ribonuclease is in agreement with re- 
sults obtained for the activity of this enzyme in various diseases of the gastro-intestinal tract. The hor- 
mone secretion, produced mainly in response to stimulation of the duodenal mucous membrane by hydro- 
chloric acid and products of digestion arriving from the stomach (peptones, higher fatty acids and their 
salts) is known to participate in the stimulation of pancreatic enzyme secretion. In carcinoma of the stom- 
ach, with low acidity and disturbance of digestive processes in the stomach, this stimulant action on pan- 
creatic enzyme secretion is weakened. 

Since no determination of salivary ribonuclease activity have previously been made in various path- 
ological states, the marked decrease in ribonuelease activity demonstrated by these experiments in pa- 
tients with carcinoma of the stomach is of considerable interest. A study of ribonuelease activity in pa- 
tients with carcinoma of the stomach at different stages of the disease could help to establish the diagnostic 
importance of the demonstration of a lowering of its level. 
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