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The authors studied the correlation between serum alanine aminotransferase (ALT) activity and salivary ALT activity using ten
healthy young adults and ten liver disease patients. Firstly, in order to establish the experimental conditions, we investigated the

influence of occult blood and salivary secretion rate on the salivary ALT activity using healthy subjects.
analysis of the serum and salivary ALT activities were conducted to investigate the correlation using the twenty subjects.

Then, simultaneous
As the

results, although salivary ALT activity was as low as one third of serum ALT activity, the presence of salivary ALT activity was
confirmed in healthy young adults whose saliva was not contaminated with serum. The salivary ALT activity of liver disease

patients showed higher values than that of healthy young adults.

In other word, if a threshold of salivary ALT activity was

established, healthy young adults could be distinguished from liver disease patients.

Keywords : noninvasive, liver function, saliva, alanine aminotransferase, screening

1. Introduction

It is difficult to diagnose three major hepatic diseases, hepatitis,
liver cirrhosis and liver cancer, in their early stages since there are
scarcer any noticeable specific symptoms. Hence, the liver is
called “ a silent organ”. Therefore, screenings for hepatic diseases
have been conducted using serum enzymes such as alanine
aminotransferase (ALT) and asparate aminotransferase (AST)™”. A
procedure requiring blood samples, however, risks causing virus
infections, so it is not desirable for a liver function measurement
test. In addition, without a noninvasive liver function
measurement method, there also is a risk of not finding liver
dysfunction caused by antibiotic dose before the condition
becomes serious. If an appropriate liver function measurement
method that patients could easily operate at home were to be
developed, it would help to find the symptoms before they become
serious, even allowing a longer period between medical doctor’s
tests.

The authors have been studying the development of an easy to
operate noninvasive liver function measurement method focusing
on the serum enzymes that are secreted in oral fluid such as saliva,
specifically, ALT activities®. ALT is an enzyme presents in the
liver cells, as are AST and v -GTP. The concentration of ALT
in blood increases when liver cell necrotize or degenerate.
Because of this feature, it is a widely used index for the estimation
of the liver malfunction level. AST in saliva is activated with
periodontal disease, while ALT is mostly present in the liver, and
is specific to liver function compared with other enzymes >,

In order to determine the validity of the liver function
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measurement method, we studied the correlation between serum
ALT activity and salivary ALT activity using ten healthy young
adults and ten liver disease patients; twenty subjects in total.
Firstly, in order to establish the experimental conditions, we
investigated the influence of occult blood and salivary secretion
rate on the salivary ALT activity using healthy subjects. Then,
simultaneous analysis of the serum and salivary ALT activities
were conducted to investigate the correlation using the twenty
subjects.

2. Materials and Methods

2.1 Influence of Occult Blood on Saliva ALT Activity

The subjects were ten healthy young adults who had no liver
disease (seven male and three female, aged between 21 and 25
years old, Table 1). The body mass indexes (BMI) were in the

range from 17.2 to 22.3 kg/m?.  The serum ALT activities were in
Table 1. Background of healthy young adults.
Subjects Sex Age ( 1](3g I}ﬁz) aft?:l;t'r; (ALHJ/E)
a M 22 21.0 21
b M 24 20.6 18
c M 23 20.0 18 .
d F 21 197 16
e M 22 223 15
f M 25 20.5 13
g F 21 214 12
h M 22 187 11
1 M 21 21.2 10
j F 22 17.2 8
Mean
+3D - 223+13 20.3+1.5 142+4.]

————————————————— ]
M- male, F:female
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Fig. 1.
measurement of salivary ALT activity.

Calibration curve of the ALT activity used for the

the range from 8 to 21 TU/L. These values were all in the normal
range. The experiment was carried out during the morning, over
2 hours after breakfast. The aim of the experiment was explained
to the subjects and consent was obtained after confirmation that
they fully understood the experiment.

Whole saliva was collected in nonstimulation conditions, then
both salivary hemoglobin concentration (salivary Hb) and salivary
ALT activity were measured in order to confirm the existence of
disease around the teeth. Prior to collection of the saliva, the
subjects brushed their teeth clean and completely rinsed the mouth
to remove any residues.
was wiped out with a dental cotton (8mm diameter, 25mm length).
Next, the subjects were made to take a sitting position in a silent
room. Then, a cotton roll was set under the tongue, and left in
place for three minutes in order to collect the whole saliva.
Immediately after, the cotton roll was condensed using a syringe
and about 8 mL of whole saliva was collected in a glass bottle.

The salivary Hb was measured using 20 pL of whole saliva,
sodium lauryl sulfate hemoglobin method reagent (Wako Pure
Chemical Industries, Ltd, Hemoglobin B)®, and a
spectrophotometer (Hitachi Ltd, U-3010). The salivary ALT
activity was measured using 30 pL of whole saliva, UV-method
reagent for serum use (Wako Pure Chemical Industries, Ltd.,
L-Type GPT « J2)7 and a clinical automatic analyzer ((Nipro Co,,
MIRACLE ACE 0919). To improve the accuracy, the
measurement of salivary ALT activity was repeated three times,
and the mean value was obtained. One unit activity per volume
(IU/L) will convert 1.0 umol of « -ketoglutarate to L-glutamate
per min at pH 7.6 at 25°C in the presence of L-alanine. R’ and
CV of the calibration curve were 0.999 and 8.0, respectively
Fig.1).

2.2  Salivary Secretion Rate The subjects were the
same healthy young adults that took part in the occult blood test.
The occult blood test and the measurement of salivary secretion
rate were performed in the same day. Prior to collection of saliva,
the subjects brushed their teeth clean and completely rinsed the
mouth to remove any residues. All the water that remained in the
mouth was wiped out with dental cotton.

All the water that remained in the mouth

Next, the subjects were
made to take a sitting position in a silent room. Then, the cotton
roll was set under the tongue, and left in place for three minutes in
order to collect the whole saliva. Immediately after, the cotton
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Table 2. Background of liver disease pétients.
S ——

Subjects Sex Age ( f;fiz) acsne;%l; (?UL/{)

A M 75 227 82
'B M 62 221 68

c M 54 182 68

D M 31 216 42

E F 56 216 4

F M 61 184 41

G F 47 24.4 41

H M 59 242 35

I M 39 20.7 27

b} F 66 245 26
Mean —  550%13.0  21.8423 472%189
+SD

M- male, F:female

roll was condensed using a syringe and a few mL of whole saliva’
was collected in a glass bottle.
times, so the salivary secretion rate was measured throughout
fifteen minutes in total. The mass of the whole saliva was
measured using an electronic analytical balance (A&D Co. Ltd,

HM-202, 0.01 mg of optimum sensitivity) in order to measure the

This operation was repeated five

Then, the volume was
estimated from the mass setting the specific gravity tobe 1. That
is to say, 0.1mg correspond to 0.1pL. Finally, the salivary ALT
activity was also measured using the whole saliva collected
throughout fifteen minutes.

2.3 Salivary ALT Activity The subjects were ten liver
disease ambulatory patients who had no oral disease (seven male
and three female, aged between 31 and 75 years old, Table 2).
Their BMIs were in the range from 18.2 to 24.5 kg/m®>. Three
patients who had improved liver function were included in order
to verify the validity of the liver function measurement method.
The results showed that the serum ALT activities were in the range
from 26 to 82 TU/L. The experiment was carried out during the
morning, over 2 hours after breakfast. The aim of the experiment
was explained to the subjects and consent was obtained after
confirmation that they fully understood the experiment.
of the whole saliva and the
measurement method of salivary ALT activity were the same as
for the healthy young adults. The serum ALT activity was also
measured by collecting the blood simultaneously (Table2).

collection quantity in each sampling time.

The collection protocol

3. Results and Discussion

3.1 Influence of Occult Blood on Saliva ALT Activity

The values of salivary Hb for healthy young adults ranged from
0.04 to 0.81 mg/dL.. They were four digits lower than that of the
standard value for serum Hb (male: from 13.1 to 17.0 g/dL and
female: from 11.5 to 14.5 g/dL) ®(Fig. 2). All of the measured
salivary Hb values were lower than that of the standard value of
1.0 mg/dL for suspected periodontal disease’”. These results
showed that the subjects were also healthy with regard to oral
diseases.

The values of salivary ALT activity were in the range from 0.8
to 9.5 IU/L while the serum ALT activities were in the range from
8 to 21 IU/L (mean: 14.2 TU/L, Table 1). Although both values
were in almost the same density range, salivary ALT activity
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Fig. 2. ALT activities and salivary Hb of the healthy young adults.

showed lower value and its mean value was one third of the serum
ALT. In other words, salivary ALT activity was confirmed for
the healthy young adults whose serum was not contaminated.

3.2 Salivary Secretion Rate The mean value of the
salivary secretion rate for 15 minutes was in the range from 1.19
to 4.76 mL/ min for each healthy young adult (Fig. 3 (a)). Except
subjects ¢ and f, the mean value and CV were 1.9 mL/min and
21.1% and significant difference among the healthy young adults
was not observed. .

The mean value for salivary ALT activity (IU/L) for 15 minutes
was in the range from 0.7 to 9.7 IU/L and tenfold difference
between the minimum and the maximum values was observed
(Fig 3 (b)). The correlation between salivary secretion rate and
salivary ALT activity was 0.03. It indicated that there was no
significant correlation between them.

Then, to consider the influence of salivary secretion rate on the
concentration of chemical substances presented in saliva, salivary
secretion rate (mL/min) and salivary ALT activity (IU/L) values
were added up and the value for the salivary ALT activity
(TU/min) per minute was calculated in order to offset the influence
(Fig 3 (c)). The correlation between salivary ALT activity and
salivary ALT activity per minute was 0.03. In this case no
meaningful correlation was observed. The influence of salivary
secretion rate on the salivary ALT activity cannot be completely
neglected, however, a significant influence on whole saliva
collection under the quiet circumstances was not observed.

During in vivo evaluation at a hospital, it is difficult to regularly
measure salivary secretion rates for the subjects with liver disease
due to the need for consideration of the patients’ condition.
Therefore, the salivary secretion rate for the liver disease subjects
was not conducted.

3.3 Salivary ALT Activity For both healthy young
adults and liver disease patients, serum ALT activity was in the
range from 8 to 82 IU/L (mean: 30.7 IU/L) while salivary ALT
activity was from 0.8 to 31.9 TU/L (mean: 9.5 IU/L). Both values
were almost in the same concentration range, but salivary ALT
activity was lower than serum ALT activity and the comparison of
their mean values exhibited a difference of one third (Fig. 4).

The mean values of ALT activity of serum and saliva of the
healthy young adults was 142 = 4.1 and 44 £ 2.9 IU/L,
respectively. The mean values of ALT activity of serum and
saliva of the liver disease patients was 47.2 = 18.9 and 14.6 =
9.4 TU/L, respectively. Except for one recovering liver disease
patient (subject J), the liver disease patients showed higher values

BHHME, 1234115, 2003&F

485

5
4 |-
ot
g
g
g
FERCEPE
2 B
R
RGNS
0 e d T 1
(a) Salivary secretion rate (mean value)
10
= 8 "
=
B 6
3
Iy —
g2
) :
R S e
¢c d e 1 g j
(b) Salivary ALT activity
20
2
E 16 _ I
g ]
el
g 12 |
g
IS
GEer
o=
g2l
0 S I I Eil 1y 1 1 I—I—I
a b ¢ d e f g h i j
(c) Salivary ALT activity per min
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compared with the healthy young adults for not only serum but
also salivary ALT activities.

As the normal value for serum ALT activity is lower than 40
TU/L, when the threshold for salivary ALT activity was 14 IU/L,
healthy young adults could be distinguished from liver disease
patients.  Further study with larger number of subjects and
optimization of the threshold should be expected.

4. Conclusion

In order to develop a convenient noninvasive liver function
measurement method, the correlation between serum ALT activity
and salivary ALT activity was investigated using 10 healthy young
adults and 10 liver disease patients. The experimental results
revealed the following:

1. Although salivary ALT activity was as low as one third of
serum ALT activity, the presence of salivary ALT activity was
confirmed in healthy young adults whose saliva was not
contaminated with serum.

2. Significant influence of salivary secretion rate on the salivary
ALT activity was not observed, when whole saliva was
collected from the healthy young adults under quiet
circumstances without any stimulation.

3. The salivary ALT activity of liver disease patients showed
higher values than that of healthy young adults. In other
word, if a threshold of salivary ALT activity was established,
healthy young adults could be distinguished from liver disease
patients.

Since several methods based on biosensors in order to measure
the enzyme activity present in saliva have been developed'?, as
the next step, it will be important to develop a biosensor for
salivary ALT activity which has the advantages of smphclty,
any-time use and immediacy.

(Manuscript recetved Jan. 30, 2003, revised April 11, 2003)
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