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Diurnal variation of y-glutamyl transpeptidase activity
during DMBA-induced hamster buccal pouch

carcinogenesis

L-M Lin, YK Chen

Oral Pathology Department, School of Dentistry, Kaohsiung Medical College, Kaohsiung, Taiwan, ROC

OBJECTIVE: The aim of the present study is to assess
the diurnal variation of y-glutamyl transpeptidase (GGT)
during 7,12-dimethylbenz[a]anthracene (DMBA)-
induced hamster buccal pouch carcinogenesis.
MATERIALS AND METHODS: The right buccal pouches
of 108 Syrian golden hamsters, divided into three experi-
mental groups, were treated three times weekly with
0.5% DMBA in mineral oil over an 11-week treatment
regimen. The left buccal pouches were untreated and
served as the controls. Within each group, six animals
were killed at 4-h intervals (04.00, 08.00, 12.00, 16.00,
20.00 and 24.00) for 24h. GGT histochemical stain,
according to the method of Ruthenberg and coworkers,
was applied. The number of GGT-positive foci in the
pouch mucosa was recorded at 3, 7 and 11 experi-
mental weeks.

RESULT: Diurnal variation of GGT histochemical activity
during DMBA-induced hamster buccal pouch carcinogen-
esis was substantiated in the present study.
CONCLUSION: This investigation highlights the impor-
tance of the diurnal variation in experimental oral car-
cinogenesis.

Keywords: diurnal variation; 7,12-dimethylbenz[a]anthracene
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Introduction

thylbenz[a]anthracene DMBA-induced hamster buccal
pouch carcinogenesis (Sat al, 1987; Zhanget al, 1987)
and in various human carcinomas (Fiatzal, 1980; Gerber
and Thung, 1980; Levinet al, 1983; Calderon-Solt and
Solt, 1985) including oral cancers (Mo al, 1987).

GGT, GSH and glutamate are closely related in the
glutamyl cycle (Meister and Larsson, 1989; Curthoys,
1990). A distinct diurnal variation of GSH in rat tissues
(Boor et al, 1979; Farooqui and Ahmed, 1984) has already
been reported whereas glutamate phase shifts circadian
rhythms in hamsters (Miejeret al, 1988) were also
observed. However, to our knowledge, diurnal variation of
GGT has not been adequately explored. This led us to
investigate whether diurnal variation of GGT activity is
also present.

Hamster buccal pouch is the most widely accepted
experimental model of oral carcinogenesis (Salley, 1954;
Lin et al, 1989; Lin and Chen, 1991). Diurnal variation in
cell population kinetics of hamster buccal pouch mucosa
during DMBA-induced carcinogenesis was reported by our
laboratory (Lin and Goepp, 1986). The current study is
designed to assess the possibility that GGT shows diurnal
variation in DMBA-treated hamster buccal pouch mucosa.
GGT histochemical activity was determined at 4-h intervals
(04.00, 08.00, 12.00, 16.00, 20.00 and 24.00) for 24 h dur-
ing DMBA-induced hamster buccal pouch carcinogenesis.

Materials and methods

Hamsters and carcinogen treatments

v-glutamyl transpeptidase (GGT) (E.2.3.2.2.), a plasmall chemicals, procured from Sigma Chemical Company

membrane-bound enzyme, is one of the most importanSt Louis, Missouri, USA), were of the highest purity com-
enzymes of glutathione (GSH) metabolism. It catalyzes thenercially available. The protocol of this study ensures
transfer of they-glutamyl group of GSH to amino acids or humane practices. One hundred and eight non-inbred young
peptides, and participates in the regulation of amino acidé6 weeks old) male Syrian golden hamsters (purchased
across the cell membrane (Meister and Larsson 1989; Cufrom National Taiwan University Breeding Laboratory),
thoys, 1990). GGT plays a role in multistage hepatocarcinweighing about 100 g at the commencement of the experi-
ogenesis, therefore being regarded as a (pre)neoplastiaent, were randomly divided into six groups. The animals
marker (Hendrich and Pitot, 1987). Furthermore, GGTwere maintained under constant conditions®(2212:12 h
activity has been detected histochemically in 7,12-dimedight/dark cycle) in an air-conditioned animal house. They
were fed with standard laboratory pellets and tap water
Correspondence: Dr Li-Min Lin, Oral Pathology Department, School of“bltum' After allowing a We(?k to aCC“matlze tQ the new
Dentistry, Kaohsiung Medical Cc’>IIege, 100, Shih-Chuan 1st R’oad, Kaohs-surroundl.ngs’ 0'5% DMBA in heavy mineral oll solution
iung, Taiwan, ROC was applied three times weekly (09.00 on Monday, Wedn-
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Table 1 GGT-stained foci per pouch in each of the time periods: 04.00,
08.00, 12.00, 16.00, 20.00 and 24.00 in each killing period

Time periods Killing periods
3-week 7-week 11-week

Daytime

04.00 (1,1,0,2,3,2) (3,4,3,453) (5,6,5,5,6,5)

08.00 (1,0,0,3,4,2) (5,4,4,4,5,6) (7,6,6,9,6,9)

12.00 (1,1,1,2,2,1) (2,2,3,2,3,4) (5,4,4,4,5,5)
Subtotal [27] [66] [102]
(meant s.d.) (1.5+ 1.1y (3.7+1.1) (5.7+ 1.4y
Night time

16.00 (1,1,0,1,1,0) (3,2,2,5,4,6) (6,7,7,9,6,9)

20.00 (1,0,0,1,0,0) (4,3,2,7,47) (9,6,9,10,8,10)

24.00 (0,0,0,2,1,0) (2,1,2,4,5,3) (5,6,5,7,8,5)
Subtotal 9] [66] [32] Figure 1 Two GGT-positive foci in a 7-week DMBA-treated pouch
(meant s.d.) (0.5+ 0.6y (3.7+1.7) (7.3+ 1.7p (x40)
Total {36} {132} {234}
The numbers of GGT-stained foci per pouch for each of six hamsters in . . . . .
aGGT activity of day periods was significantly greater than night periodslar to the epithelial surface and mounted on glass slides.
(P < 0.05, Student's-test) Between sample sections, there was at least a space of

PGGT activity of night periods was significantly greater than day periodsZSOMm in order to avoid the possibility that the two con-
(P < 0.05, Student's-test) . . - . .
°An elevation in the total number of GGT-stained foci during DMBA- secutive sections contain the same foci. Two SeCtlonS_er
induced hamster buccal pouch carcinogenesis was observed. each sample were processed to demonstrate GGT activity
histochemically according to the method described by
Rutherburget al (1969) by incubating in a mixture contain-
pouches of all the animals with six strokes of a No. 4ing the substratey-L-glutamyl-4-methoxy-2-naphthylam-
camel-hair brush which had wiped against the side of the ide, the diazonium coupling reagent fast blue BB salt a
container containing the solution (Morris, 1961). The left the acceptor glycylglycine for 30 min at room temperature.
pouches remained untreated and served as the controls. After rinsing with 0.85% sodium chloride, the tissue s
After 3 weeks painting (3 days following the last DMBA tions were dipped in 0.2 M copper sulphate solution, rinsed
treatment), a group of 36 animals was withdrawn randomly again in 0.85% sodium chloride, and washed in distille
from the painting schedule and killed six at a time by anwater. The sections were counter-stained with haematoxy-
overdose of diethyl ether in a gas jar for each time period: lin. Slides were cover-slipped with glycerin gelatin moun
04.00, 08.00, 12.00, 16.00, 20.00 and 24.00, respectivelyng medium. Sections of hamster kidney, rich in GGT
The killed hamsters were fixed in a supine position with activity, were used as positive controls of GGT histochen
pins. Bilateral pouches were exposed by dissection, cuical staining. Representative contiguous sections from each
from their oral openings to their caudal ends along the  sample were processed and stained with haematoxylin
middle of their lateral walls and examined grossly. Sub-eosin (H&E) staining. One sample was taken randomly
sequently, both pouches were excised and stretched on card  from the control pouches, fixed by immersion in 10% r
papers to prevent distortion of the specimens during protral buffered formalin for 24 h at room temperature, rou-
cessing. Then, similar procedures were carried out repeat- tinely processed for paraffin embedding, and stained

edly after 7 and 11 weeks DMBA painting. H&E staining.
GGT slides were refrigerated to prevent formation of
GGT histochemistry crystallization products, which distort histochemical assess-

Four fresh samples of approximately 1 emd cm in diam- ment. GGT-positive foci in each section were identified
eter were obtained from each DMBA-treated pouch. Thesavith a light microscope and photographed to record histol-
fresh tissues were quick-frozen in liquid nitrogen. Five ogic findings. The brick red reaction products typical o

Table 2 Diurnal variations of GGT-positive foci during each painting period of hamsters during DMBA-induced carcinogenesis

Killing periods Time periods

04.00 08.00 12.00 16.00 20.00 24.00
3 weeks 1.5@ 0.96 1.67+1.49 1.33+0.47 0.67+0.47 0.33t 0.47 0.50£ 0.76
7 weeks 3.6&0.75 4.67£0.75 2.67+0.75 3.67£1.49 4.50+ 1.89 2.83+1.34

11 weeks 5.33 0.47 7.17+£1.34 4.50+ 0.50 7.33:1.25 8.67+1.37 6.00t 1.16




Diurnal variation of GGT in DMBA-carcinogenesis in hamsters
LM Lin and YK Chen

. L . o . . : 55
this enzyme activity involving the pouch epithelial lining cinogenesis has not been previously demonstrated. Tﬁe
were depicted as positive foci. The numbers of positivephenomena of diurnal variation of GGT histochemical

foci, irrespective of the intensity in the reaction products, activity during DMBA-induced hamster buccal pouch car-
of the six time periods (04.00, 08.00, 12.00, 16.00, 20.0C&inogenesis have clearly been demonstrated in the current
and 24.00) over 24 h in the right pouches of each animal study. The higher degree of diurnal variation of GGT histo-
were enumerated. Consequently, the total number of GGTehemical activity upon a longer period of DMBA treatment
positive foci for each animal was the summation of the in the current investigation may be corroborated by our pre-
number of positive foci from the eight representative tissuevious study (Lin and Goep, 1986).

sections taken from the DMBA-treated pouch. Since GGT- The GGT-positive foci would surely be induced by
positive foci are randomly distributed within the pouch DMBA during hamster pouch carcinogenesis. It may be
mucosa, the number of GGT-positive foci obtained may  suggested that under the influence of some and yet not com-
serve as a relative index of the total number of stained-focpletely understood diurnal variation associated factors

present in the pouch mucosa (Zhang and Mock, 1987). (intrinsic and/or extrinsic), the GGT activity was either
switched on or off during neoplastic formation; thus pro-

Statistical method ducing the phenomena of diurnal variation. These exact

When appropriate, the means of the number of GGT foci  intrinsic and/or extrinsic biological parameters attributed to

in each killing period were compared using Studettsst  the phenomena of diurnal variation of GGT in DMBA-

with P < 0.05 as the level of significance. induced hamster buccal pouch mucosa remain to be

explored. However, the influence of a photoperiod upon
animals is noteworthy to be considered. The effects of a
photoperiod on the growth of colon cancer in mice
GGT histochemistry (Waldropet al, 1989) and melanoma in hamsters (Stanberry
The brick red reaction products typical of GGT activity et al, 1983) were reported. Shadt al (1984) also found

were seen involving the DMBA-induced pouch mucosathat continuous daylight increased the number of tumours
(Figure 1). As shown in Table 1; an elevation in the number induced by DMBA. In the present study, a 12-h light/dark
of GGT-positive foci during DMBA-induced hamster buc- cycle was used. Different photoperiods, such as continuous
cal pouch carcinogenesis was observed. In addition, the  24-h lighting system, may be employed in future to investi-
average numbers of GGT-stained foci in each of the timegate whether there is an effect upon tumour growth and the
periods: 04.00, 08.00, 12.00, 16.00, 20.00 and 24.00 were  diurnal cycle of GGT activity.

increased from 3-week, 7-week and 11-week killing periods In conclusion, over 100 animals were employed in this
(Table 2). No GGT activity was demonstrated in the  study, with a moderate number of hamsters in each time
untreated control pouches. The kidney sections (positiv@eriod. Nonetheless, the diurnal variation of GGT in

Results

controls) proved to be positive. DMBA-carcinogenesis in hamsters is substantiated in the
present study. It constitutes a preliminary step towards the
Diurnal variation of GGT comprehension of the diurnal rhythm of those biological

Examination of GGT-stained specimens during the day per- parameters that are measured in the process of carcinogen-
iods (04.00, 08.00, 12.00) and night periods (16.00, 20.00esis.

24.00) revealed that GGT histochemical activity during the
day periods was significantly greater than night periods inA
the 3-week DMBA painting groupR(< 0.05, Student’s-
test). Then, passing through 7-week DMBA painting, aThe authors wish to acknowledge the technical assistance of Ms
reverse relationship was observed with the enzyme activit}!Y Dai. This research was supported by a National Science
in the night periods being statistically higher than day per-council of the ROC grant (NSC 78-0412-B-037-15).

iods in the 11-week DMBA painting groufP(< 0.05, Stu-

dent'st-test) (Table 1). References

_ Diurnal variations of the average numbers of GGT-posig CC, Sesame HA, Boyd MR (1979). High concentrations of
.t'Ve foci were found in ee_lch k'”'ng. period of hamsters dur- glutathione in glandular stomach possible implications for car-
ing _DMBA—m.du.ced carcinogenesis (Table 2.)..The pattern cinogenesisScience205 1010-1012.
of diurnal variation of GGT histochemical activity appeared calderon-Solt L, Solt DB (1985)y-glutamy! transpeptidase in
to be similar for the 7-weeks and 11-week DMBA painting precancerous lesions and carcinomas of oral, pharyngeal and
groups. Furthermore, the amplitude of diurnal variation laryngeal mucosaCancer56: 138-143.
seemed to be increased by a longer period of DMBA treatCurthoys NP (1990). Renal handling of glutathione. @Giuta-
ment. thione: metabolism and physiological functioBoston Vina J,
Eds. CRC Press, pp 217-225.

. . Farooqui MYH, Ahmed AE (1984). Circadian periodicity of

Discussion tissue glutathione and its relationship with lipid peroxidation in

. . . rats. Life Sci34: 2423-2418.
GGT expression during DMBA-induced hamster buccal,:iala S, Trout EC, Teague Cét al (1980).y-glutamyl transpep-

pouch carcinogenesis has already been documented by &jgase, a common marker of human epithelial tumagshcer
number of authors (Solet al, 1987; Zhang and Mock, Detect Prev3: 471—485.

1987). However, to our knowledge, diurnal variation of Gerber MA, Thung SN (1980). Enzyme patterns in human hepato-
GGT activity in DMBA-induced hamster buccal pouch car- cellular carcinomaAm J Pathol98: 395-400.

cknowledgement



Diurnal variation of GGT in DMBA-carcinogenesis in hamsters
LM Lin and YK Chen

156

Hendrich S, Pitot HC (1987). Enzymes of glutathione metabolism Morris AL (1961). Factors influencing experimental carcinoger

as biochemical markers during hepatocarcinogen&siscer esis in the hamster cheek pouchDent Rest0: 3-15.
Metat Rev6: 155-178. Rutherberg AM, Kim H, Fischbem J&Y al. (1966). Histochem-
Levine SE, Budwit DA, Michulopoulos GEt al (1983). y-gluta- ical & ultrastructural demonstration afglutamyl transpeptid-
myl transpeptidase activity in benign and malignant human ase activiistochem Cytocherh7: 517-526.
mammary epithelial lesiong\rch Pathol Lab Medl07: 423—  Salley JJ (1954). Experimental carcinogenesis in the cheek pouch
427. of the Syrian hamsted. Dent Res33: 253-262.
Lin LM, Chen YK (1991). Creatine kinase isoenzymes activity in Shah PN, Mhatre MC, Kothari LS (1984). Effect of melantonin
serum and buccal pouch tissue of hamsters during DMBA- on mammary carcinogenesis in intact and pinealectomized r:
induced carcinogenesid. Oral Pathol Med20: 479—-485. in varying photoperiodsCancer Rest4: 3403-3407.

Lin LM, Chen YK, Huang YLet al. (1989). Cytokeratins in ham- Solt DB, Polverini PJ, Calderon L (1987). Carcinogenic response
ster cheek pouch epithelium during DMBA-induced carcino- of hamster buccal pouch epithelium to 4 polycyclic aromatic

genesis.J Oral Pathol Med18: 287—-290. hydrocarbong. Oral Pathol Med6: 294—-302.

Lin LM, Goepp RA (1986). Diurnal variation in cell population Stanberry LR, Gupta TKD, Beattie CW (1983). Photoperiodic
kinetics of normal hamster cheek pouch and hamsters with control of melanoma growth in hamsters: Influence of pineale
squamous cell carcinom&aohsiung J Med Sc2: 745-753. tomy and melantoninEndocrinology113 469—475.

Meister A, Larsson A (1989). Glutathione synthetase deficiency Waldrop RD, Saydjare R, Rubét &lH1989). Photoperiod
and other disordersy-glutamyl cycle. In:The metabolic basis influences the growth of colon cancer in middfe Sci45:
of inherited disease6th ed. Scriver CR, Beaudet Al, Sly WS, 437-444.

Valle D, Eds. McGraw-Hill: New York, pp 855-868. Zhang L, Mock D (1987)xy-glutamyl transpeptidase activity dur-

Miejer JH, Van Der Zee EA, Dietz M (1988). Glutamate phase ing carcinogenesis of hamster buccal pouch epi@etium.
shifts circadian activity rhythms in hamstebféeuroscience Lett cinogenesis: 977-981.

86: 177-183.

Mock D, Whitestone B, Freeman J (1987%glutamyl transpepti-
dase activity in human oral squamous cell carcino@®ral Surg
Oral Med Oral Pathol64: 197-201. Authors are responsible for the accuracy of the references.




