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Hexamethylene Bisacetamide as a Chemopreventive Agent in 
Hamster Cheek Pouch Tumorigenesis 

Y. Yura, H. Tsujimoto, J. Kusaka, H. Yoshida and M. Sato 

Second Department of Oral and Maxillofacial Surgery, Tokushima University School of Dentistry, 

3-18-15 Kuramoto-cho, Tokushima 770, Japan 

The chemopreventive effect of oral and intraperitoneal (i.p.) administration of hexamethylene 
bisacetamide (HMBA) on 9,10-dimethyl-1,2-benzanthracene (DMBA)-induced tumour formation in 
hamster cheek pouches was investigated. Male Syrian hamsters were treated by painting both cheek 
pouches with a 0.5% solution of DMBA twice weekly for 11 weeks. In addition to DMBA application, 
Group 1 hamsters were given 1% HMBA continuously in the drinking water and Group 2 hamsters 
received i.p. injection of HMBA at a dose of 500 mg/kg three times per week during the experiment. 
Group 3 animals received DMBA application alone. Thirteen weeks after the start of the experiment, 
the numbers of cheek pouch tumours and tumour volume were significantly decreased by oral but not 
i.p. administration of HMBA. Low levels of HMBA were detected in the plasma of the hamsters which 
were given 1% HMBA in drinking water. These results indicate that oral administration of HMBA can 
act as a chemopreventive agent against hamster cheek pouch tumorigenesis. Copyright 0 1996 
Elsevier Science Ltd 
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INTRODUCTION 
Malignant conversion of oral premalignant lesions, i.e. leuco- 
plakia and erythroplakia, and development of secondary 
primary tumours in cured cancer patients are the major 
problems in oral cancer [ 11. Chemopreventive trials for oral 
leucoplakia have been conducted using P-carotene, vitamin E, 
selenium and 13-cis-retinoic acid; significant activity of 
retinoids in reverse oral premalignancy has been demonstrated 
[2-81. However, treatment with effective high doses of retinoic 
acid is associated with marked toxicity [5, 81. 

Hexamethylene bisacetamide (HMBA), a polar planar 
compound, has been reported to induce terminal differentia- 
tion of malignant cells [9-l 11. Extensive in vitro studies have 
provided a basis for the application of HMBA to clinical 
therapy of human cancer, but studies which have examined 
HMBA in the treatment of advanced malignancies have shown 
the toxicity of HMBA to be dose-limiting, such that no tumour 
regression was observed at clinically achievable doses [ 12-141. 
However, it was also reported that the induction of rat 
mammary tumours was inhibited by intraperitoneal (i.p.) 
administration of HMBA at doses of 1000 and 1500 mg/kg 
body weight throughout the experimental period [ 151. This 
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suggests that HMBA can be used as a chemopreventive agent, 
although its single use is not effective for the treatment of 
cancer, and that long-term administration of the agent would 
be essential for greater clinical benefit. For chemopreventive 
therapy, oral administration of HMBA would have practical 
advantages over intravenous injection. Recent studies have 
shown that the bioavailability and toxicity of HMBA, adminis- 
tered through a nasogastric tube, are acceptable [ 16, 171. The 
chemopreventive activity of orally administered HMBA has 
not been examined intensively. In the present study, we 
examined whether oral or i.p. administration of HMBA could 
prevent the DMBA-induced tumour formation in the hamster 
cheek pouch. 

MATERIALS AND METHODS 
Animals and chemicals 

Male Syrian hamsters aged 5 weeks were purchased from 
Japan SLC, Inc. (Shizuoka, Japan). The hamsters were 
housed four to five per cage in an air-conditioned room at 
24k 2°C with a 12-h light-dark cycle and they were given 
animal chow (CL-2; Clea Japan Inc., Tokyo) and tap water 
ad libirum. DMBA, purchased from Wako Pure Chemical 
Industries (Osaka, Japan), was dissolved in a 1: 20 mixture of 
acetone and heavy mineral oil (Sigma Chemical Co., St. Louis, 
Missouri). HMBA (Sigma Chemical Co.) was dis- 

246 



Chemoprevention by Hexamethylene Bisacetamide 247 

solved in drinking water for oral administration. For i.p. 
administration, HMBA was dissolved in 0.9’, NaCl and the 
concentration was adjusted to loo,. Acetic anhydride, 1,5- 
diaminopentane and 1,7_diaminoheptane were purchased 
from Aldrich Chemical Co. (Milwaukee, Wisconsin). Pyridine 
was obtained from Wako. 

Experimenrul design 

A preliminary experiment was undertaken to determine the 
maximum tolerated dose of HMBA. HMBA at a concentration 
of 1, 2 or 5”,, was given in the drinking water to normal 
hamsters for 13 weeks. HMBA was also adminstered by i.p. 
injection at a dose of 500 or 1500 mg/kg body weight three 
times per week for 3 weeks. Five animals were given each dose 
and the body weights of the hamsters were measured weekly. 

To determine the effects of HMBA on DMBA-induced 
tumour formation, 39 hamsters were divided equally into three 
groups. All animals were treated by painting both cheek 
pouches twice weekly for 11 weeks with a OS”,, solution of 
DMBA dissolved in acetone-heavy mineral oil mixture. In 
addition to DMBA application into the cheek pouches, 
hamsters in Group 1 were given loo HMBA in drinking water 
continuously and those in Group 2 received i.p. administration 
of HMBA at a dose of 500 mg/kg body weight three times per 
week. DMBA application and HMBA administration were 
initiated simultaneously and HMBA was given until termina- 
tion of the experiment, although DMBA application was 
terminated at 11 weeks. Group 3 hamsters received DMBA 
alone. Thirteen weeks after commencement of the experiment, 
the hamsters were killed by cardiac puncture performed under 
general anaesthesia with pentobarbital. 

Pathologicul examination 

At the end of the experiment, cheek pouches of the animals 
were removed, opened longitudinally, washed in phosphate 
buffered saline, and stretched on pieces of cardboard. The 
mucosa was inspected and gross visible tumours (> 1 mm in 
diameter) were counted and measured. Cheek pouch tumours 
> 3 mm in diameter were excised together with the surround- 
ing mucosa and were subjected to histological examination. 
After paraffin embedding, sections 4-urn thick were stained 
with haematoxylin and eosin for light microscopic examin- 
ation. The cheek pouch lesions were histologically classified as 
hyperplasia, papilloma or squamous cell carcinoma as des- 
cribed previously [18, 191. 

Measurement of plasma HMBA level 

For determination of the plasma HMBA level, normal 
hamsters, aged 18 weeks, were given either 1 or 5*,, HMBA in 

drinking water for 7 days and then heparinised blood samples 
were collected by cardiac puncture under general anaesthesia. 
The plasma HMBA levels were also measured after i.p. 
administration of HMBA at a dose of 500 or 1500 mg/kg body 
weight. Blood samples were collected at 1 or 6 h after the 
injection of HMBA. Blood samples were placed on ice and 
spun down, and the plasma was stored at -7O’C. Plasma 
HMBA concentrations were assessed by our modification of 
the gas chromatographic method of Kelly er al. [20]. Penta- 
methylene bisacetamide was synthesised by acetylating 1,5- 
diaminopentane with a 1: 1 mixture of acetic anhydride and 
pyridine and used as an internal standard. The samples were 
ultracentrifuged by centrifugation in an Amicon MIS-1 
(Amicon Corp., Danvers, Massachusetts) and the ultrafiltrate 
was further concentrated 2-fold by vacuum centrifugation. 
The gas chromatographic system used a Shimadzu GC-7AG 
gas chromatograph (Shimadzu Seisakushyo Ltd, Kyoto, 
Japan) and a 2.1 m x 3 mm (inner diameter) glass column 
packed with 5”,, Advance-DS on SO/l00 mesh Shinchrom A 
(Shimadzu). The assay had a detection limit of 10 Kg/ml. To 
measure the plasma HMBA at the level of the detection limit, 
samples were concentrated 2-fold prior to analysis. Data were 
means of three determinations. 

Statistical analysis 

Statistical comparisons were performed using Student’s t- 
test for the number and volume of tumours and x” test for the 
incidence of papillomas and carcinomas. A P-value of 0.05 or 
less was considered significant. 

RESULTS 
Determination of the maximum tolerated doses of HMBA in 

normal hamsters 

To determine the toxic oral doses, normal hamsters were 
given various concentrations of HMBA in drinking water for 
13 weeks. No hamsters died during HMBA administration. At 
13 weeks after the start of HMBA treatment, the mean body 
weights of the hamsters which were given 1, 2 or 5”,, HMBA 
were 139.6, 119.8, and 100.8 g, respectively, and that of the 
hamsters which did not receive HMBA was 145.3 g. There was 
a dose-dependent decrease in body weight; significant differ- 
ences were observed between the untreated hamsters and those 
which received 2”,, HMBA (PcO.05) or 5”,, HMBA 
(P<O.OOl). The weights of liver, kidneys and submandibular 
glands were also decreased by 5”,, HMBA (Table 1). HMBA 
given i.p. at a dose of 1500 mg/kg body weight was toxic, and 
60”,, (3/5) of the treated hamsters died within 3 weeks; such 
toxicity was not observed at the lower dose. Mean body 

Table 1. Effect of HMBA on the weights of liz’er, kidneys and submandibular glands of normal hamsters 

‘Treatment* 
No. of 

hamsters 
Liver (g) 

(mean & S.D.) 
Kidneys (mg) Submandibular glands (mg) 
(mean+ S.D.) (mean & S.D.) 

None 5 9.3+ 1.2t 1072+60t 576,62$ 

l”,, HMBA 5 9.0+0.9t 1028 k 83 579 * 59: 
2”,, HMBA 5 8.1+0.6 1020* 105 512i27t 
5” I, HMBA 5 7.3 0.8 + 968 f 39 437 + 50 

*Normal hamsters were given HMBA in drinking water for 13 weeks 

tsignificantly different from 5”, HMBA group (PiO.05). 
$Significantly different from 5”,, HMBA group (P<O.Ol). 
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weights of the hamsters which received i.p. injections of 
HMBA at the doses of 500 and 1500 mg/kg body weight and 
survived for 3 weeks were 113.5 and 109.0 g, respectively; that 
of untreated hamsters was 110.8 g. 

EfJect of HMBA on the body weight of the DMBA-treated 

hamsters and their liver, kidney and submandibular 

gland weights 

Based on the findings described above, the concentration of 

HMBA for oral administration was adjusted to 1 O(, (Group 1) 
and that for i.p. injection was 500 mg/kg body weight (Group 
2), and the effect of HMBA on DMBA-induced tumour 

formation in the hamster cheek pouches was examined. Group 
3 hamsters were treated with DMBA alone. The total HMBA 

dose in each Group 1 hamster was 9.4 g and that in Group 2 
animals was 2.7 g. Mean final body weights of the hamsters in 
Groups I, 2 and 3 were 139.5, 147.9 and 138.9 g, respectively. 
There were no significant differences in the final body weights, 
or in the weights of liver and kidneys among the experimental 

groups (Table 2). However, the mean weight of submandibu- 

lar glands in Group 1 was significantly greater (P< 0.001) than 
those of Groups 2 and 3 (Table 2). The mean weight of the 
submandibular glands of normal hamsters, aged 18 weeks, was 
576 mg. Thus, the decrease in weight of the submandibular 
glands in the DMBA-treated hamsters was found to be 

prevented by oral HMBA administration. 

Eflects of HMBA on DMBA-induced tumour formation 

in the hamster cheek pouches 

Cheek pouch tumours were demonstrated in all hamsters. 
However, the mean numbers of cheek pouch tumours in 
Groups l-3 were 13.0, 19.2 and 22.1, respectively (Table 3). 
More cheek pouch tumours were induced in Group 3 as 

compared with Groups 1 and 2, and the difference between 
Groups 1 and 3 was significant (P<O.Ol). The mean tumour 
volume in Group 3 was also significantly greater (PcO.05) 
than that in Group 1. Intraperitoneal administration of 
HMBA resulted in slight decreases in tumour number and 
tumour volume, but there were no significant differences 
between Groups 2 and 3. 

Histological examination of cheek pouch tumours 

All of the cheek pouch tumours > 3 mm in diameter, a total 
of 138, were examined histologically. Most of the tumours 
were found to be squamous cell carcinomas (Table 4). When 
these carcinomas were further classified as well-, moderately-, 

and poorly-differentiated carcinomas, 42-75”,, of the carcin- 
omas were well-differentiated. Although the incidence of well- 
differentiated carcinomas in Group 1 hamsters was the 
highest, the differences among the experimental groups were 
not significant. 

Plasma HMBA concentrations in HMBA-treated hamsters 

After continuous oral administration of 1 or 59, HMBA for 
7 days, the plasma HMBA concentrations were 6.7 and 38.0 
pg/ml, respectively (Table 5). When hamsters received a single 
i.p. injection of HMBA at a dose of 1500 mg/kg body weight, 
the plasma concentrations at 1 and 6 h after injection were 
140.5 and 32.0 pg/ml, respectively. At a dose of 500 mg/kg, the 

plasma concentration of HMBA 1 h after injection was 34.5 
pg/ml, but was below the level of detection at 6 h after 
injection. 

DISCUSSION 
The effects of oral administration of HMBA on experi- 

mental animals had not been extensively investigated. When 

Table 2. Effect of HMBA on the weights of liver, kidneys and submandibular glands of DMBA-treated hamsters 

Group Treatment* 

No. of Liver (g) Kidneys (mg) Submandibular glands (mg) 

hamsters (mean+ S.D.) (mean+ S.D.) (mean? S.D.) 

1 DMBA + 1 o. HMBA (oral) 13 8.9 + 2.0+ 993+110 522k61: 

2 DMBA+ 500 mg/kg HMBA (i.p.) 13 ?3.4+ 1.1t 1014k85 200 5 36: 

3 DMBA 13 7.4+ 1.2 978f 180 191+48 

*All hamsters were treated by painting both cheek pouches twice weekly with a 0.5”,, solution of DMBA for 11 weeks. In addition 

to DMBA, hamsters in Groups 1 and 2 were given oral and i.p. administration of HMBA, respectively, for 13 weeks. Group 3 

hamsters were given DMBA alone. 

tsignificantly different from Group 3 (P~0.05). 

ISignificantly different from Groups 2 and 3 (PiO.001). 

Table 3. Incidence, number and volume of cheek pouch turnours in DMBA-treated hamsters 

No. of tumours/ Total tumour volume/ 

No. of No. of hamsters hamster hamster (mm’) 

Group Treatment* hamsters with tumour (mean? S.D.) (mean* SD.) 

1 DMBA+l”, HMBA (oral) 13 13 13.0&6.6t 111.6+ 176.8$ 

2 DMBA+ 500 mg/kg HMBA (i.p.) 13 13 19.2k8.4 197.4k218.0 

3 DMBA 13 13 22.lk9.2 322.7 + 250.7 

*Hamsters were treated as described in Table 2. 

tsignificantly different from Group 3 (PiO.01). 

SSignificantly different from Group 3 (P~0.05). 
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Table 4. Histological features of the cheek pouch turnours in DMBA-treated hamsters 

Group Treatment* 
No. of rumours 

examined? 

No. of 
carcinomas/ 

No. of 
tumours (“,I 

No. of 
well- moderately- poorly- 

differentiated carcinomas/No. of carcinomas (‘I,,) 

1 DMBAf l”, HMBA (oral) 24 23/24 (96) 18/23 (75) 4/23 (17) 1129 (3) 
2 DMBA+ 500 mg/kg HMBA (i.p.) 35 29/35 (83) 15/29 (42) 12/29 (34) 2129 (6) 

3 DMBA 79 67/79 (85) 51i67 (65) 14/67 (18) 2167 (3) 

*Hamsters were treated as described in Table 2. 
TTumours > 3 mm in diameter were examined histologically. 

Table 5. Pkzsma level of HMBA 

HMBA treatment* Route 
Concentration 

(Wml)t 

I”<, solunon for 7 days 
5”,, solution for 7 days 
500 mg/kg 1 h after injection 

6 h after injection 
1500 mg/kg 1 h after injection 

6 h after injection 

oral 6.7 
oral 38.0 
i.p. 34.5 
i.p. UD 
i.p. 140.5 
i.p. 32.0 

*Normal hamsters were given either continuous oral administration of 
HMBA in drinking water or a single i.p. injection of HMBA. 
tMean of 3 determinations. Samples were concentrated by 2-fold and 
analysed as described in Materials and Methods. 
UD, undetecrable. 

normal hamsters were given HMBA in drinking water at 
different concentrations, significant decreases in body weight 
were observed at concentrations of 2 and 59,. We also found 
that HMBA at a dose of 1500 mg/kg body weight was toxic in 

hamsters. Thus, we examined the effects of HMBA on 
DMBA-induced tumour formation at a HMBA concentration 
of i”,, in drinking water and at an i.p. dose of 500 mg/kg body 
weight. 

We and other researchers have demonstrated that appii- 
cation of a OS”,, solution of DMBA into the hamster cheek 

pouch two or three times per week results in tumour formation 
within 12 weeks [ 18,19,21]. When examined at 13 weeks after 
the start of the experiment, as expected, ail hamsters had 
developed cheek pouch tumours. However, the mean tumour 
number in the hamsters which were given oral HMBA (Group 

1) was significantly reduced (ZVO.01) as compared with the 
hamsters which received DMBA application alone (Group 3); 

the decrease by i.p. administration of HMBA was not 
significant (Group 2). The mean tumour volume was also 
reduced in Group 1, indicating that oral HMBA can inhibit the 
growth of tumours. These effects may not be ascribed to the 
general effect of HMBA, because the body weight was not 
significantly reduced by this concentration of HMBA. Thus, 
we concluded that HMBA, if administered continuously, 
could exert an inhibitory effect on chemical induction of 
hamster cheek pouch tumours. To our knowledge, this is the 
first report that indicates the inhibitory activity of HMBA in 
oral carcinogenesis [22]. 

Group 1 hamsters were given HMBA in drinking water 
continuously, whereas Group 2 hamsters received i.p. injec- 
tion of HMBA three times per week. The total dose of HMBA 
for each animal in Group 1 was 3.5 times greater than that in 

Group 2. The results of the present study may be simpIy 
explained by the amounts of HMBA administered to the 

hamsters. Ward et al. [ 171 reported that HMBA was rapidly 
absorbed from the gastrointestinal tract, with a mean meas- 

ured bioavaiiabiiity of 99 + 15O,, . Consistent with their results, 

we demonstrated the presence of HMBA in the plasma of 
hamsters which were given 1 y, HMBA in drinking water for 7 
days, although the level was relatively low. On the other hand, 

in the hamsters which received 500 mg/kg HMBA i.p., HMBA 
level in the plasma dropped below the level of detection at 6 h 
after injection. This i.p. dose of HMBA did not significantly 
reduce the number of cheek pouch tumours (Table 3). HMBA 
may have inhibited tumour induction if its plasma level had 
been maintained at a constant level during the experimental 

period. 
Concentrations of HMBA less than 0.5 mM, 100 pg/mi have 

not proven effective in inducing differentiation in any of the 
ceil lines studied [9, 131. It is unlikely that HMBA delivered 
through the blood-stream would induce terminal differentia- 
tion and growth arrest of tumour ceils in hamster cheek 

pouches. When we examined the features of the induced 

tumours (>3 mm in diameter), there appeared to be no 
substantial histological differences in the carcinomas which 
developed in the animals (Table 4). This indicates that HMBA 

does not affect the grade of differentiation of the induced 
carcinomas. 

The mechanism by which orally administered HMBA 
inhibited tumour induction is not known. One possible 

explanation is that HMBA may act as an inhibitor for 
poiy(ADP-R) polymerase and inhibit the growth of tumour 
cells [S-25]. Indeed, other inhibitors for poiy(ADP-R) 
poiymerase including benzamide, 3-aminobenzamide and 1,2- 

benzopyrone have been shown to protect cultured mammalian 
cells from oncogenic transformation induced by various 
chemical and physical stimuli [25-271. Furthermore, Tseng er 
al. [24] reported that 200 PM 1,2-benzopyrone in the drinking 
water reduced both tumour incidence and tumour size in rats 
which were transplanted subcutaneously with rat ceils carry- 
ing the inducible ras oncogene. They showed that the 
inhibitory activity of benzopyrone was 14.4-fold greater than 
that of HMBA, as assessed by in vitro soft agar assay. In the 
present study, we tested HMBA at a concentration 250 times 
higher than that of benzopyrone [24] and demonstrated that 
this concentration of HMBA in drinking water inhibited 
tumour induction. HMBA and benzopyrone thus may prevent 
tumour development in vivu by inhibiting the enzyme 
poiy(ADP-R) poiymerase. Alternatively, HMBA may act only 
at the applied site, i.e. the upper aerodigestive tract, because 
l”,, HMBA (50 mM) in the drinking water was sufficient to 
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cause differentiation of transformed cells. HMBA absorbed 
from the luminal side of the oral mucosa may modify the 
tumorigenic processes of the epithelial cells, although no 
apparent effect on the grade of the carcinomas was demon- 

strated; HMBA may inhibit earlier stages in the development 
of cheek pouch tumours. 

It has been shown that application of DMBA into the 

hamster cheek pouches results in atrophic changes in the 
submandibular glands [28]. Probably, DMBA applied into the 
cheek pouches would be retrogradely transported to the 

submandibular glands through their excretory ducts where it 
would exert a toxic effect on the glands. In this study, however, 
the weights of the submandibular glands of the hamsters 

which received DMBA and oral HMBA simultaneously were 
not decreased. A number of HMBA-associated side effects 

have been reported, but its advantageous effects have not been 
clarified [13-15, 171. Orally administered HMBA could 

protect the submandibular glands from the toxicity of DMBA. 
Studies by Hong et al. [l] established the short-term activity 

of high-dose 13-cis-retinoic acid in inducing remission of oral 
leucoplakia and in suppression of secondary primary tumours 
in the head and neck. The development of other nontoxic 

chemopreventive agents, possibly acting through different 
mechanisms, would be helpful in developing new regimens. 
Breitman and He [29] reported that all-trans-retinoic acid and 
HMBA synergistically induced terminal differentiation of 
HL60. Combinations of HMBA with 13-cis-retinoic acid may 

maintain the chemopreventive activities and decrease the 
problems associated with the achievement and maintenance of 

effective plasma concentrations as single agents. 
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