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Abstract
AIM: To elucidate the effect of saliva stimulation by 
nizatidine on oral symptoms of primary biliary cirrhosis 
(PBC) by administering it to PBC cases. 

METHODS: From among 73 cases that had been de-
finitively diagnosed as PBC at our hospital by February 
2010, we selected 27 cases of PBC, 4 males and 23 
females, as subjects. We obtained subjects’ consent 
after giving them a full explanation of the administra-
tion of nizatidine. Nizatidine 150 mg was administered 
internally twice daily, after morning and evening meals. 
To observe changes in the quantity of saliva secreted, 
chewing gum tests were carried out four times: before 
the initial dose, and after 6 mo, 12 mo and 24 mo of 
administration. For subjective dry mouth symptoms, a 
visual analog scale (VAS) method was used to assess 
their feelings of oral dryness and eating difficulty, five 
times: before the initial dose, and after 1, 6, 12 and 24 
mo of administration in 8 cases. The nutritional condi-
tion and the hepatic functional reserve were compared 
between before and after the nizatidine treatment.

RESULTS: The result of a chewing gum test on the 
subjects before the administration of nizatidine showed 
that 50% produced less than 10 mL of saliva, i.e. , the 
standard under which cases are considered to have hy-
posalivation. The results of these tests showed that the 
quantity of saliva secreted was 10.5 ± 6.8 mL before 
administration of nizatidine, 10.9 ± 6.0 mL after 6 mo, 
10.6 ± 4.9 mL after 12 mo, and 11.8 ± 6.8 mL after 24 
mo administration. Thus, there was a slowly increasing 
trend in the quantity of saliva in the whole group. The 
percentage of subjects with saliva production above 10 
mL was 45.8% after 6 mo administration of nizatidine, 
that is, only a slight change from before its administra-
tion, but it was 64.3% after 12 mo, that is, a significant 
increase. The saliva secretion by subject patients was 
examined before the beginning of administration of 
nizatidine, 12 mo later, and 24 mo later, and Fisher’s com-
bined probability test was used to examine the results 
for increases in saliva secretion. The analysis yielded 
P  values of 0.51 and 0.53 for 12 mo later and 24 mo 
later, respectively. Thus, although there was no statisti-
cally significant increase, it was confirmed that saliva 
secretion tended to increase. A VAS method was em-
ployed to study the intensities of subjective symptoms 
of oral dryness and eating difficulty. Almost every case 
indicated some improvement of subjective oral dryness 
on the VAS early in the administration, i.e. , one month 
after. We also studied the effects of the administration 
of nizatidine on nutritional condition, hepatic functional 
reserve, and long-term prognosis of PBC. No significant 
improvements in cholinesterase (ChE) level, albumin 
(Alb) level, or Child-Pugh score were found during the 
period of observation from the beginning to the end 
of administration of nizatidine, nor in comparison with 
the non-administration group. A comparative analysis 
between before administration and 24 mo later yielded 
P  values of 0.41 for Alb, 0.56 for ChE, and 0.59 for the 
Child-Pugh scores.

CONCLUSION: It was confirmed that administering 
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nizatidine to cases of PBC with dry mouth increased 
the secretion of saliva and improved the symptoms. 

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Primary biliary cirrhosis (PBC) is a chronic progressive 
cholestatic hepatic disease, in the onset of  which an au-
toimmune mechanism is involved. This disease is char-
acterized serologically by anti-mitochondrial antibody 
positivity and high serum immunoglobulin M values, his-
tologically by chronic non-suppurative destructive chol-
angitis of  the hepatic lobules, and the presence of  florid 
duct lesions that involve severe inflammation and bili-
ary epithelial inflammation[1,2]. The condition develops 
gradually from the asymptomatic phase when no subjec-
tive symptoms are observed into the symptomatic phase 
when itching, jaundice, and other symptoms appear. A 
group of  cases with poor prognosis may finally develop 
from cirrhosis to hepatic failure to death. There are no 
radical cures for this disease other than liver transplanta-
tion. Thus, it is one of  a group of  intractable liver dis-
eases for which there are no established treatments[3].

PBC shows a high rate of  complication by Hashi-
moto’s disease or collagen diseases, such as Sjogren syn-
drome[4,5]. Sjogren syndrome includes dry mouth and dry 
eyes; dry mouth and/or dry eye symptoms of  PBC are 
called sicca syndrome, and are found in approximately 
70%, of  patients with PBC[6-8]. However, only 20% to 
30% of  PBC cases with these symptoms meet the diag-
nostic criteria for Sjogren syndrome[9] and many such pa-
tients are not well treated for these symptoms. 

It has been reported that nizatidine, an H2 blocker, 
has a saliva stimulation effect, in addition to its effects of  
accelerating gastric juice release and increasing the pres-
sure of  the lower esophageal sphincter which suppress the 
onset of  gastroesophageal reflux disease[10].

We report here a study of  whether administering niza-
tidine, which has a saliva stimulation effect, improves dry 
mouth as a subjective symptom of  PBC. 

MATERIALS AND METHODS
From among 73 cases that had been definitively diagnosed 
as PBC at our hospital by February 2010, we selected 27 
cases of  PBC as subjects, including 4 males and 23 fe-
males, giving them a full explanation of  the administration 

of  nizatidine and thereafter obtaining their consent. Niza-
tidine 150 mg was administered internally twice daily, after 
morning and evening meals. In order to observe changes 
in the quantity of  saliva secreted, chewing gum tests were 
carried out four times: before the initial dose, and after 6, 
12 and 24 mo of  administration. For subjective dry mouth 
symptoms, a visual analog scale (VAS) method was admin-
istered five times to assess patients’ feelings of  oral dry-
ness and eating difficulty: before the initial dose, and after 
1, 6, 12 and 24 mo of  administration in 8 cases. The VAS 
scale ranged from 0 to 10 (0: no subjective symptoms; 1-3: 
mild; 4-6: moderate; 7-9: severe; 10: very severe). 

In addition, nutritional condition and hepatic function-
al reserve of  patients were checked in terms of  albumin 
(Alb) levels, cholinesterase (ChE) levels, as well as Child-
Pugh scores before and after the nizatidine treatment. 
Data were compared between the nizatidine administra-
tion group and the nizatidine non-administration group. 

Statistical analysis
The obtained data were statistically analyzed using SPSS 
v.17 to perform Willcoxon signed-rank tests or paired t 
tests with a level of  significance of  P < 0.05. 

RESULTS
The average age of  the subjects was 66.7, and the female 
subjects accounted for 85% of  the subject group. The 
aspartate aminotransaminase level was 63.7 IU/L and the 
alanine aminotransaminase (ALT) level was 69.2 IU/L, 
indicating that liver function was mildly impaired. In com-
parison, the alkaline phosphatase level was 679.1 IU/L 
and the γ-glutamyl transpeptidase level was 242 IU/L, 
thus indicating high biliary enzyme values. In the phase 
before administering nizatidine, any significance differenc-
es, in addition to ALT value, were identified between the 
administered and non-administered group (ALT: P = 0.04). 
The 12 cases on which liver biopsies were performed were 
histologically classified according to Scheuer’s classifica-
tion as 11 cases in stage 1 and 1 case in stage 2, with no 
case in which there was a high level of  fibrosis. The M-2 
antibody-positive rate was 67%. In 14 cases, 54% of  the 
subjects, collagen disease complications were found, such 
as Sjogren syndrome, chronic thyroiditis, and/or rheuma-
toid arthritis (Table 1).

The changes in the quantity of  saliva secreted that 
were observed in the chewing gum tests were 10.5 ± 6.8 
mL (2.2-30 mL) before the start of  administration of  
nizatidine, 10.9 ± 6.0 mL after 6 mo, 10.6 ± 4.9 mL after 
12 mo, and 11.8 ± 6.8 mL after 24 mo of  administra-
tion. Thus, they showed a slowly increasing trend (Figure 
1A). In order to further analyze the changes in the quan-
tity of  saliva secreted, we divided the subject group into 
one sub-group with less than 10 mL before the start of  
administration of  nizatidine and another with 10 mL or 
more before administration of  the drug. The sub-group 
with initial secretion of  large quantities of  saliva, of  10 
mL or more, did not show a significant increase after 6 
mo of  administration. On the other hand, the sub-group 
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with initial secretion of  small quantities of  saliva, less 
than 10 mL, showed a statistically significant increase 
after six months of  administration, with P = 0.039 in the 
Wilcoxon signed-rank test (Figure 1B). The percentage 
of  all subject patients with saliva secretion of  10 mL or 
more was 48.1%, before the start of  administration, and 
45.8% after 6 mo of  administration, thus indicating no 
large changes. However, this increased significantly to 
64.2% after 12 mo of  administration. The saliva secre-
tion by patients was examined before the beginning of  
administration of  nizatidine, 12 mo later, and 24 mo 
later, and Fisher’s combined probability test was used to 
examine the results for increases in saliva secretion. The 
analysis yielded P values of  0.51 and 0.53 for 12 mo later 
and 24 mo later, respectively. Thus, although there was 
no statistically significant increase, it was confirmed that 
saliva secretion tended to increase (Figure 2). 

A VAS method was employed to check the patients 
in terms of  their subjective feelings of  oral dryness and 
eating difficulty. In almost every case, feelings of  oral 
dryness improved according of  the VAS evaluation after 
1 mo of  administration of  nizatidine (Figure 3A). In 
general, this showed a continuing modest increase after 
12 and 24 mo of  administration although, in some cases, 
it was seen to fall back to the level before the start of  
administration. Feelings of  eating difficulty were also im-
proved after one month of  administration in some cases, 
according to the VAS evaluation. However, this param-
eter improved less and in a smaller number of  cases than 
feelings of  oral dryness. In addition, while the symptoms 
continued to improve in the long-term in some cases, 
no improvements were observed at all in other cases. 
Indeed, in some cases, even long-term administration of  
nizatidine not only failed to produce a significant positive 
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All PBC cases Cases with nizatidine Cases without nizatidine P  value

  No. of cases   73   27   46
  Age (mean ± SD)   65.6 ± 12.2   68.2 ± 11.8   64.1 ± 12.3 0.32
  Sex (male/female)     9 (18%)/64 (88%)     4(%)/23(%)     5 (18%)/41 (88%) 0.72
  Histological classifications   24/8/3/2   11/1/0/0   13/7/3/2 0.12
  Scheuer (1/2/3/4)   65%/22%/8%/5%   92%/8%/0%/0%   52%/26%/12%/8%
  Alb (g/dL)     4.0 ± 0.3     4.1 ± 0.3     4.0 ± 0.4 0.50
  ChE (IU/L) 288.3 ± 66.4 302.2 ± 68.5 277.9 ± 64.0 0.24
  AST (IU/L)   55.6 ± 47.3   64.6 ± 44.5   50.3 ± 48.5 0.10
  ALT (IU/L)   58.2 ± 64.6   75.7 ± 67.0   48.0 ± 61.5 0.04
  γGTP (IU/L) 183.8 ± 205.6 221.0 ± 254.7 162.0 ± 169.8 0.10
  ALP (IU/L) 638.7 ± 446.8 661.0 ± 616.3 625.7 ± 315.5 0.12
  T-Bil (mg/dL)   0.69 ± 0.37   0.71 ± 0.33   0.67 ± 0.39 0.33
  Plt (× 104/μL)   21.7 ± 8.8   23.2 ± 10.9   20.7 ± 7.3 0.74
  M2 antibody (< 5/5)   17 (23%)/56 (77%)     9 (33%)/18 (67%)     8 (17%)/38 (83%) 0.15
  ANA (< 40/40)   23 (32%)/50 (68%)     7 (26%)/20 (74%)   16 (35%)/30 (65%) 0.60
  Collagen disease complication (presence/absence)   45 (62%)/28 (38%)   13 (48%)/14 (52%)   32 (70%)/14 (30% 0.08

Table 1  Characteristics of the patients at baseline

PBC: Primary biliary cirrhosis; Alb: Albumin; ChE: Cholinesterase; AST: Aspartate aminotransaminase; ALT: Alanine aminotransam-
inase; γGTP: γ-glutamyltranspeptidase; ALP: Alkaline phosphatase; T-Bil: Total bilirubin; Plt: Platelet; ANA: Anti-nuclear antibody.
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effect, but the symptoms actually worsened, back to the 
levels before the start of  administration (Figure 3B). The 
VAS evaluation results showed that, over time, while both 
feelings of  oral dryness and of  eating difficulty improved 
with the administration of  nizatidine by a statistically sig-
nificant difference, feelings of  oral dryness improved by 
a more significant amount. 

The ChE and Alb values were compared between be-
fore and after the administration of  nizatidine. ChE be-
fore administration was 302.2 IU/L, 297.5 IU/L after 1 
mo of  administration, 300.5 IU/L after 6 mo of  admin-
istration, 304.0 IU/L after 12 mo of  administration, and 
314.0 IU/L after 24 mo of  administration. No significant 
improvements in either ChE or Alb were found over the 
period of  observation. A comparative analysis between 
values before administration and 24 mo later yielded P 
values of  0.41 for Alb, 0.56 for ChE, and 0.59 for the 
Child-Pugh scores. Thus, no significant improvements 
were found. These values were also compared between 
the nizatidine administration group and the nizatidine 
non-administration group of  patients with PBC, yielding 
P values of  0.67 for Alb and 0.73 for ChE. Thus, no sta-
tistically significant differences were found (Table 2). 

Furthermore, in order to study the effect of  niza-
tidine on hepatic functional reserve, changes in Child-
Pugh scores were checked and analyzed. Before the start 
of  administration of  nizatidine, one case in the subject 
group showed a Child-Pugh score of  6 points in class A, 
one case 7 points in class B, and the remaining 25 cases 
5 points in class A. After an average of  58.5 mo (15-100 
mo) of  observation, the equivalent results were: one case 
with 7 points in class B; one case that developed into 
symptomatic PBC progressing to liver failure to death 
during the observation period; and the remaining 25 cases 
with 5 points in class A. In the 46 cases of  PBC in the 
nizatidine non-administration group, 42 were checked in 
terms of  Child-Pugh scores when their illness was diag-
nosed as PBC: 41 of  them showed 5 points in class A, and 
one showed 6 points in class A. The Child-Pugh scores 
after an average of  46.3 mo (10-98 mo) of  observation 
of  this group were: one case with 6 points in class A; one 

case of  death; and the remaining 40 cases with 5 points in 
class A. A comparative analysis between the nizatidine ad-
ministration group and the nizatidine non-administration 
group indicated no significant differences (Table 2).

DISCUSSION
Dry mouth and dry eye symptoms are frequently found 
in cases of  PBC. It is assumed that these common symp-
toms are associated with a high rate of  autoimmune dis-
ease complications with PBC. The likelihood that PBC has 
at least one autoimmune disease complication is 84%, and 
is 41% for the presence of  at least two complications[11-13]. 
Sjogren syndrome, rheumatoid arthritis, and scleroderma 
are the most frequent complications of  PBC, with cross-
sectional study on more than 5000 Japanese cases of  PBC 
indicating that they were found in 13.5%, 7.3% and 2.0% 
of  PBC cases, respectively[14-16]. Another report showed 
and an even higher frequency of  Sjogren syndrome as a 
complication of  PBC, at 26% to 72%[15,17-19]. PBC is char-
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acterized by high rates of  complications of  other autoim-
mune diseases and by slow progression of  the disease in 
many cases[20,21]. In many cases of  PBC, patients are in 
the asymptomatic phase, without subjective symptoms, 
even after onset, and complications in these cases are 
found only during detailed examinations after a defini-
tive diagnosis of  PBC is made, or after patients enter the 
symptomatic phase. The way in which PBC develops has 
yet to be well elucidated. Some reports indicate that PBC 
is associated with medical history of  the patient and their 
family as well as their lifestyle. Various environmental fac-
tors such as infections including urinary tract infection as 
well as cigarette smoking, and a history of  administration 
of  estrogen, can cause immune tolerance failures, which 
lead to the onset of  PBC[22-25]. It is well conceivable that 
immune tolerance failures due to such environmental fac-
tors may lead to the onset of  not only PBC but also other 
autoimmune diseases. In this study, Sjogren syndrome was 
found as a complication in 25% of  the cases, rheumatoid 
arthritis in 14.8%, and CREST syndrome in 7.4%. Thus, 
the frequency of  Sjogren syndrome as a complication ap-
peared to be relatively low. This may be partially because 
this study was based on chewing gum tests, which could 
not detect cases with dry eye symptoms but without oral 
symptoms, and partially because a definitive diagnosis of  
the syndrome might not have been made in some cases. 
In many cases, salivary secretion disorder due to second-
ary Sjogren syndrome as a PBC complication is milder 
than primary Sjogren syndrome as a clinical symptom, 
and there were many asymptomatic PBC cases in the 
subject group with a mild complaint of  dryness. Another 
report indicated that hepatic dysfunctions were found in 
38.2% of  cases of  collagen diseases, and that 15.9% of  
cases with such disorders were found to have PBC on 
diagnosis[26]. It is therefore necessary for various medical 
departments to cooperate closely to detect such complica-
tions of  PBC early and exactly, in order to begin the most 
appropriate treatment. 

Saliva has an essential role in functions such as cleaning 
the oral cavity, inhibiting the proliferation of  bacteria and 
fungi in the mouth, protecting oral mucosa, and helping 
swallow food[27]. In PCB patients aged 60 or more, an age 
group with a predilection for PBC, subjective symptoms 
of  oral dryness are found in 60%-70% of  cases, and more 
than 20% of  these cases have oral candidiasis, which is 
likely to damage their quality of  life[28]. Sicca syndrome 
with PBC has been treated with immunomodulators, with-

out substantial clinical effects. Our study demonstrated 
that administering nizatidine to cases of  PBC with subjec-
tive symptoms of  oral dryness and eating difficulty in-
creased the quantity of  saliva secreted, leading to improve-
ments in the subjective symptoms.

Actions of  both sympathetic and parasympathetic 
nerves are involved in the secretion of  saliva[29,30]. Niza-
tidine simulates parasympathetic cholinergic nerves, 
to accelerate the gastrointestinal motility by inhibiting 
acetylcholine esterase. In addition, it increases the quan-
tity of  acetylcholine secreted by inhibiting acetylcholine 
esterase at the endings of  cholinergic nerves, stimulating 
muscarinic receptors in the salivary glands to increase 
saliva secretion[30-32]. Other H2-receptor antagonists such 
as ranitidine and cimetidine cause increases in acetylcho-
line concentration at cholinergic nerve endings, but do 
not increase saliva secretion as a result. Cevimeline, an 
anticholinergic agent, was found to be effective for dry 
mouth symptoms in Sjogren syndrome but produced 
side effects and its administration is now limited[10,33-35]. 
In view of  the foregoing, other H2-receptor antagonists 
are not expected to produce similar effects to those of  
nizatidine. In this study, nizatidine exhibited a stronger 
effect in accelerating saliva secretion in cases where sa-
liva secretion in the chewing gum test was under 10 mL 
before the start of  internal administration. The subjects 
were an average of  66.7 years old, and older people gen-
erally have reduced salivary gland secretion and more 
frequent occurrence of  dry mouth symptom. However, 
the internal administration of  nizatidine was thought to 
stimulate muscarinic receptors in the salivary glands and 
revitalize salivary gland cells, leading to increased saliva 
secretion. 

Measured with the VAS method, both feelings of  oral 
dryness and feelings of  eating difficulty improved after 
only one month of  internal administration of  nizatidine. 
This may have been partially because the patients were 
sensitive to changes in the oral cavity and easily sensed 
such changes. The VAS results for both symptoms im-
proved in almost every case after one month of  admin-
istration, although in some cases they returned after 6 
to 12 mo of  admto where they were before the start of  
administration inistration. It is assumed that the cases 
involving worsening of  symptoms may initially have felt 
subjective improvements in the symptoms because of  
psychological factors in addition to increased saliva se-
cretion, but grew accustomed to the ongoing symptoms 
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Nizatidine administration group (n  = 27) Nizatidine non-administration group (n  = 46)

Before administration 24 mo P value Before treatment 24 mo P value

  Alb   4.1 ± 0.3   4.2 ± 0.3 0.41   4.0 ± 0.4   4.1 ± 0.3 0.67
  ChE 302.2 ± 68.5 314.0 ± 62.3 0.56 277.9 ± 64.0 286.5 ± 71.1 0.73
  Child-Pugh score   5.1 ± 0.4   5.1 ± 0.4 0.59   5.0 ± 0.2   5.0 ± 0.2 0.99

Alb: Albumin; ChE: Cholinesterase.

Table 2  The effects of the administration of nizatidine on the nutritional condition, the hepatic 
functional reserve, and the long-term prognosis of primary biliary cirrhosis 
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over time. Another possibility is that nizatidine’s salivary 
gland stimulation effect on the salivary secretion ability 
of  older patients where salivary secretion had previously 
become poor may be only transient, finally resulting in 
the reduction in saliva secretion and the worsening of  
symptoms in some cases. 

In this study, the H2-receptor antagonism of  nizati-
dine stimulated appetite and increased saliva secretion, 
making the oral mucosa moister thus making it easier to 
masticate food. We studied how these effects of  niza-
tidine improved the intake of  food, and the effect on 
nutritional condition, hepatic functional reserve, and the 
long-term prognosis of  PBC. The ChE and Alb values 
did not significantly improve after the administration of  
nizatidine, and the values in the nizatidine administration 
group, before or after administration, were not signifi-
cantly different from the nizatidine non-administration 
group. The increased saliva secretion and improved dry 
mouth symptoms did not directly lead to improvements 
in nutritional condition in this short observation period. 
We also studied whether increased saliva secretion affects 
hepatic functional reserve by checking the Child-Pugh 
scores before and after the administration of  nizatidine. 
The results showed no significant improvements in he-
patic functions between before and after administration 
of  the drug. Furthermore, no significant differences in 
hepatic functions were found between the nizatidine ad-
ministration group and the nizatidine non-administration 
group. These results are partially because the cases of  
PBC in the control group were all in the asymptomatic 
phase, and partially because the general prognosis of  
PBC is relative good. PBC has a 5-year survival rate of  
91% for men and 92% for women, and a ten-year sur-
vival rate of  81% for men and 85% for women, while 
the disease itself  has an extremely long asymptomatic 
phase[36]. It is therefore possible that while this study 
found no significant difference made by nizatidine with 
respect to hepatic functional reserve, a longer observation 
period might reveal changes in hepatic functional reserve 
due to the administration of  nizatidine. To determine 
whether increased saliva secretion caused by the adminis-
tration of  nizatidine may affect the long-term prognosis 
of  PBC, it will be necessary to administer the drug for a 
longer time to a greater number of  cases of  PBC in both 
the symptomatic phase and in the asymptomatic phase, 
and to observe various changes in these cases. 

In this study, we actually started to administer niza-
tidine to more than 27 of  the 73 cases that had been 
definitively diagnosed as PBC at our hospital. Some of  
the patients, however, could not continue to come to the 
hospital for regular examinations. Only the 27 cases con-
tinued to undergo regular chewing gum tests and VAS 
interviews every six months for two years. In selecting pa-
tients for the nizatidine administration group and for the 
non-administration group, we did not take any particular 
action to avoid bias, but we determined that there was no 
bias between the two groups because there was no statisti-
cally significantly difference between the groups in terms 

of  their hepatic functions (without ALT: P = 0.04). 
Strictly speaking, as the control group, a placebo should 

have been administered to the nizatidine non-administra-
tion group. One reason this was not done was that many 
cases dropped out and could not continue to take nizati-
dine, or undergo VAS interviews or chewing gum tests. 
This aspect will be improved in any future study.  

In this study, we confirmed that administering niza-
tidine to cases of  PBC with dry mouth increased saliva 
secretion and improved dry mouth symptoms. However, 
we were unable to show that this improvement led to 
improvement in the nutritional condition and long-term 
prognosis of  the patients. The prognosis of  PBC is gen-
erally good. However, it can be inferred that there is a 
group of  PBC cases with poor prognoses, and a further 
extensive study is needed to establish effective treat-
ments for such a group.

COMMENTS
Background
Dry mouth and/or dry eye symptoms of primary biliary cirrhosis (PBC) are called 
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