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Abstract

This study was performed to determine alleviating effects of green tea (GT) on the N-nitrosodimethylamine
(NDMA) toxicity to mucins in the rat lingual salivary glands. Sprague-Dawley rats were divided into five
groups: untreated (Control), one week-NDMA administrated (NDMA), one week—GT administrated after
NDMA for one week (NDMAGT), one week-NDMA administrated with GT (GTNDMA), and one-week NDMA
administrated with GT after GT for one week (GTGTNDMA). The mucin properties were elucidated by periodic
acid Schiff (PAS) reaction, alcian blue (AB) pH 2.5, AB pH 2.5-PAS, aldehyde fuchsin (AF) pH 1.7-AB pH
2.5, and high iron diamine (HID)-AB pH 2.5 staining. The lingual von Ebner’s glands of NDMA group showed
some changes such as contraction and destruction of the serous acini, decrease and disappearance of the
cytoplasmic granules, vacuolation of cytoplasm, and the mucigenous duct cells. Also, in the lingual mucous
glands, enlarged lumens, fused acini, disappearance of granules, vacuolation of cytoplasm, and mucigenous
duct cells were observed. All the GT administrated groups had a tendency to recover. GTGTNDMA group
recovered almost up to the state of the control group. The lingual von Ebner’s glands of NDMA group showed
a decrease of neutral mucin and the lingual mucous glands showed a decrease of both neutral and acidic mucins
decreased in comparison with control group, although mucous acini secreting strong sulfomucin decreased
while those secreting non-sulfomucin (sialomucin) increased. All the GT administrated groups had a tendency
to recover. The degree of recovery in the GTNDMA group was stronger than in NDMAGT group and that
of the GTGTNDMA group was almost up to the state of the control group. Plus, lingual von Ebner’s glands
of GTGTNDMA group contained much more neutral mucin than in the control group. In conclusion, it is
suggested that NDMA exhibit the toxicity which affects on the mucin properties and which green tea alleviates.
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Table 1. Effects of green tea on the mucosubstances in the rat lingual von Ebner's glands after administration of NDMA

in drinking water

Experimental groups

Stains Cells Control

NDMA NDMAGT GTNDMA GTGTNDMA
SAC 3 4R 3R>2R 3R>4R AR>3R AR
ISC 3 4R 9R>3R 3R>4R AR>3R AR
PAS DC 0-+R S+ IR 0-+R 0,+R +R
SPDL 23R AR>3R 23R 9R3R 3R>2R
SAC 0 0>+B 0 0 0
ISC 0 0>+B 0 0 0
AB pH 2.5 DC 0 0 0 0 0
SPDL 0 0 0 0 0
SAC 3 4R 3 AR>3RP2R 3R>2R 3 4R 3 4R
AB pH 25 ISC 2 3R 3R 2 3R 23R 3R
“PAS DC 0>+R 0 0 0 +R>0
SPDL 3R>4R AR 3R AR AR
SAC 0 0>+ 1p 0>+P 0>+P 0>+p
AF pH 1.7 ISC 0 0 0 0 0
“ABpH 25  DC 0 0 0 0 0
SPDL 0 0 0 0 0
SAC 0 0>+ IN 0>+ IN 0>+N 0>+ N
HID ISC 0 0 0 0 0
“ABpH 25  DC 0 0 0 0 0
SPDL 0 0>+N 0>+ IN 0 0

Degrees of staining: 4, very intense; 3, intense; 2, moderate; 1, weak; +, trace; 0, absent; >, most marked.

Abbreviations: NDMA, one week-NDMA administrated;, NDMAGT, one week-GT administrated after NDMA for one week;
GTNDMA, one week-NDMA administrated with GT; GTGTNDMA, one-week NDMA administrated with GT after GT for one
week; AB, alcian blue; PAS, periodic acid schiff; AF, aldehyde fuchsin; HID, high iron diamine; MAC, mucous acinar cells; SAC,
serous acinar cells; ISC, immature serous cells; DC, duct cells; SPDL, secretory products of duct lumen; B, blue; BP, bluish purple;
R, red; RP, reddish purple; P, purple; N, black; NB, blackish blue; BN, bluish black.
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Table 2. Effects of green tea on the mucosubstances in the rat lingual mucous glands after administration of NDMA in
drinking water

Experimental groups

Stains Cells Control NDMA NDMAGT GTNDMA GTGTNDMA
MAC 3R>4R 23R>1R 3R>1-2R 3R>4R>2R 3-4R
SPM 3R-4R 0-2R>3R 3R>2R 3-4R>2R 3-4R
PAS IMC 4R>3R 3-4R 3-4R 3-4R 3-4R
DC +-1R +-3R +-1R +-9R +-1R
SPDL 3-4R>1-2R +-1R 1-2R 1-2R>+R 1-2R
MAC 3-4B 2-3B>+-1B 3B>1B,2B.4B 3B>2B 4B 3-4B>2B
SPM 3B 0-3B 3B>0-2B 4B 3B>2B 3B>1B
AB pH 25  IMC 4B 9-3B>4B 3B>2B 4B 3B>4B 4B>3B
DC 0 0>1-2B 0,+B 0 0
SPDL 1-3B 1-2B 2B 2-3B 9-3B
MAC 4BPAP>3RP  2-3BP2-3P>1-2P2RP 2-3P>3BP2RP,P 4PABP>1P2BP3RP 4P4BP>3P3BP
AB i 25 SPM 3BP +-9BP2P 9P 2BP 4P,3BP 4P ABP
oAe IMC 4BP,AP>3RP 3BP,3P>3RP 4BP,AP>3RP 4P 4BP 4P ABP>3P
DC +-R 3R>0,3P +R +-R 0-+R
SPDL 3R,3RP 9P>3RP 9BP 2R 9BP 3BP>2R
MAC  3-4P>2-3BP3B  2-3P,1-2B>2BP 1-3P>1-2BP,2B 2-3P>2BP 9-3P>2BP,2B
APl 17 SPM 9-3P>2BP 0-2P>2BP 1-2P>1BP 0-2P>1BP 3P,2BP
AR pH 25 MC 3P>2-3BP.2B 2-3P>1-2B,1BP 9-3P>2BP 9-3P 9-3P>2BP
DC 0 0>+-1P,1BP 0>+BP 0>+P,+BP 0>+P
SPDL 3BP 1P,1-2BP 1BP,1P 9P 9BP,1P
MAC 9-3N>1IN 1-2N>3N IN>1.3N IN>1N,3N 3N>1-2N
HD SPM IN>3N 1-2N IN>IN IN>1N,3N 2-3N
UAB i 25 IMC 3N>2N IN>IN 2N 2-3N 9N,3N
2 pe 0 0>+N 0,+N 0>+N 0
SPDL 1-3N 0-1N 12N 2N 1-2N

Abbreviations: SPM, secretory products of mucous acini; IMC, immature mucous cells.
Degrees of staining and other abbreviations are the same as in the Table 2.
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Fig. 1. PAS reaction in the rat lingual von Ebner’s glands. x400. In the control group (la), PAS stainability of the lingual von
Ebner's glands exhibited intense red coloring, however, in NDMA group (1b), the stainability became diminished drastically compared
with the control group. Note the presence of mucous ducts (arrow). GTNDMA group (lc) exhibited recovering tendency in the
stainability. GTGTNDMA group (1d) recovered almost up to the state of the control group and its stainability was stronger than
that of the control group.

Fig. 2. PAS reaction in the rat lingual mucous glands. x400. In the control group (2a), PAS stainability exhibited intense red
coloring. The stainability diminished drastically in the NDMA group (2b) with denaturalized and enlarged acini. GTNDMA group (2¢)
exhibited recovering tendency in the stainability. GTGTNDMA group (2d) recovered almost up to the state of the control group in
the stainability and the shape of mucous acini.

Fig. 3. AB pH 2.5 staining in the rat lingual mucous glands. x400. In the control group (3a), alcian blue pH 2.5 stainability
of lingual mucous glands exhibited intense blue coloring, however, in NDMA group (3b) the stainability diminished remarkably. Note
enlarged lumen, disappearance of granules and vacuolation in the cytoplasm (arrow). GTNDMA group (3c) exhibited recovering tendency
in the stainability. GTGTNDMA group (3d) recovered almost up to the state of the control group in the stainability and the shape
of mucous acini.

Fig. 4. AF pH 1.7-AB pH 2.5 staining in the rat lingual mucous glands. x400. In the control group (4a), sulfomucin secreting
cells (arrow) exhibited intense purple coloring were much more than sialomucin secreting cells exhibited intense blue or bluish purple
coloring. In the NDMA group (4b), the amount of sulfomucin secreting cells decreased, but the amount of sialomucin secreting cells
increased remarkably (arrow head). GTNDMA group (4c) exhibited recovering tendency. GTGTNDMA group (4d) recovered almost
up to the state of the control group in the ratio between sulfomucin secreting cells and sialomucin secreting cells.
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