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Abstract. In the first experiment 1,3,5-trioxane at doses o f 0.77, 1.55 and 
3.87 g/kg was administered by gavage to female rats every other day from 
day 8 to 20 of gestation. In the second the pregnant rats received in the same 
way trioxane or formaldehyde at daily doses 0.19 g /kg and 0.02 g/kg, respecti­
vely. Trioxane aministered at doses of 1.55 and 3.87 g/kg was associated with 
significant maternal toxicity, embryonal and fetal lethality, congenital mal­
formations and retarded fetal development. Administration of trioxane at 
a dose of 0.77 g /kg  still induced fetotoxic and teratogenic effects without 
apparent toxicity to the dams. Formaldehyde and trioxane at the lowest dose 
did not affect prenatal development. Treatment with trioxane or formaldehyde 
induced an increase in incidence of placentas with slight histopathological 
changes which was in general dose dependent. The results are discussed in 
terms o f the potential impact o f occupational exposure to trioxane on human 
prenatal development.

INTRODUCTION

Trioxane (1,3,5-trioxane, formaldehyde trimer) is used as an interme­
diate product in the manufacture of synthetic resins, artificial horn and 
ivory. It is also used by evaporation for disinfecting sickrooms, clothing, 
linen and sickroom utensils. It constitutes an active ingredient of some 
contraceptive creams. Trioxane exhibits a low oral and inhalative toxicity 
having LD50 per os for rats above 5 g /kg and the highest nonlethal con­
centration for rats during 4-hour exposure — 26 g /m ‘ (5)., In animals 
exposed by inhalation for 4 hours at concentrations of 6.5 and 26 g /m ’ 
it irritates respiratory airways, mucosa and conjunctivae (7). It is not

-  absorbed by intact skin to the extent sufficient to produce an acute in­
toxication in rats, neither does it produce a contact allergic dermatitis 
in guinea pigs (4). Trioxane was not mutagenic in the Ames Salmo-
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nella/mammalian microsome incorporation test (8). It did not increase 
the frequency of micronucleated polichromatic erythrocytes in bone mar­
row of mice (10), neither did it induce the dominant lethal mutations in 
germ cells of male rats (2). Based on chronic inhalation toxicity study 
on animals a tentative exposure limits of trioxane in the air of the work­
ing environment have been implemented in Poland: time weighted 
average —  15 m g/m 3, short term exposure limit — 75 mg/m* (6). Since 
no data on the effect of trioxane on reproduction are available this study 
aimed at evaluation of oral exposure of females on embryonal and fetal 
development of rats.

MATERIAL AND METHOD

Trioxane used in this study was received from the Nitrogen Plant in 
Tarnow (Poland) and contained 0.001% of formaldehyde and below
0.009% of water. Three-month-old female Wistar rats weighing between 
205 g and 245 g were obtained from our institute breeding colony. Tem­
perature (22 ± 2°C) and 12-h light period from 6 a.m. to 6 p.m. in the ani­
mal room were controlled automatically. Humidity was found to be in 
a range o f 50—60%. The animals were maintained on commercial pellet­
ed chow (Wytwórnia Pasz, Motycz, Poland) and top water ad libitum. For 
fertilization females were mated overnight in our laboratory with 
4-month-old-male rats of the same strain. The day of detection of vaginal 
plugs or spermatozoa in vaginal smears was assumed to indicate day
1 of gestation.

The study was performed in two series. In the first series the in­
seminated females were distributed into one control and three treatment 
groups given 0.1, 0.2 and 0.5 median lethal dose of trioxane found pre­
viously to be 7.74 g/kg. Trioxane as a 15% aqueous solution was adminis­
tered orally, by gavage, every other day from day 8 to day 20 of ge­
station, In the second series females were given trioxane at a daily doąe 
of 0.025 LD50 (3% aqueous solution) or formaldehyde (0.5%  aqueous 
solution) at a dose of 20 m g/kg b.w. The evaluation of formaldehyde 
influence on prenatal rat development was included in this study since 
it is a known contaminant of trioxane preparations. The dose of form­
aldehyde was chosen assuming that the content of this aldehyde in 
trioxane may be as high as 0.51%  w /w . Thus simultaneously with tjie 
administration of trioxane at the highest dose (3.87 g /kg ) a rat was 
receiving approximately 20 m g/kg b.w. of formaldehyde. The control 
females in both experimental series were given, by gavage, an equival­
ent volume of water. The maternal weight gain, daily food and water 
intake were monitored throughout the gestation period. The female rats
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were sacrificed on day 21 of gestation under ethylether anesthesia. The 
assessment of teratogenicity, embryo- and fetal toxicity was performed 
according to methods described previously (1). Gross necropsy observa­
tions were made on the stomach, duodenum, liver, kidneys, adrenals, ova­
ries and placentas. Paraffin sections of stomach, duodenum, liver, kidney, 
adrenals, ovaries and placentas were stained with haematoxylin-eosin for 
light microscopic examination. Frozen sections o f liver and kidney were 
stained with Fat Red 78 in 70 /̂o isopropanol for detection of neutral fat 
deposits. Semiquantitative analysis of the pathomorphological changes 
in the placentas was made assigning a score according to the following 
criteria: A. Fibrin deposits on the maternal surface of placenta: lack or 
very thin layer only on the peripheral part —  0, thin layer covering 
whole maternal surface —  1, thick layer covering maternal surface — 2; 
B. Inflammatory infiltrations within the basal zone and fibrin deposits: 
lack or single granulocytes — 0, multicellular small foci — 1, diffuse in­
filtrations —  2; C. Necrosis: lack —  0, foci restricted to one fourth of 
basal zone —  1, larger foci occupying basal zone labirynth —  2. For 
each evaluated feature the index of morphological alterations (IMA) was 
calculated according to the formula:

where: 2, 1, 0 — score of given feature in the individual placenta; 
a, b, c —  number of placentas with given score.

The significance of differences between means was assessed using 
Student t-test. Frequency data were analyzed with Fisher’s exact pro­
bability test (12).

RESULTS

Treatment with 1,3,5-trioxane did not affect the survival of female 
rats. Trioxane given orally at daily doses of 1.55 g /kg and 3.87 g/kg 
induced a dose-dependent decrease of body weight gain of dams 
during gestation and a reduction of their daily food intake (Fig. 1, 
Table 1). At the highest dose trioxane caused a decrease of maternal liver 
and placenta absolute weights and an increase of kidney and adrenal 
weights in ratio to female body weight (Table 1 and 2). The relative 
weight of kidneys was also increased in the 1.55 g /kg group (Table 2). 
Histopathological examinations revealed an increase of binuclear hepa- 
tocytes and hepatocytes at the mitosis phase in female rats exposed to 
trioxane at doses of 1.55 g/kg and 3.87 g/kg. In addition, hydropic liver 
degeneration was found in rats administered trioxane at a dose of
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3.87 g/kg. No apparent signs of trioxane maternal toxicity were found 
in females given this compound at doses of 0.19 g /kg and 0.77 g/kg.

Trioxane at doses of 0.77— 3.87 g /kg induced a dose-dependent 
increase in the number of resorptions and a decrease of fetal body weight 
and length (Table 1). At two higher doses (1.55 g /kg and 3.87 g/kg) trio­
xane decreased a mean number of live fetuses per litter (Table 1). The 
results of external, skeletal and visceral examinations of the fetuses are 
presented in Table 3. Due to high intrauterinal mortality and the ex­
tremely low body size of several survived fetuses from the 3.87 g/kg 
group it was impossible to determine whether trioxane at this dose pro-

Fig. 1. Body weight gain of female 
rats receiving by gavage trioxane 
(TOX) at different doses every other 
day from day 8 to day 20 of gesta­
tion. a — significantly different 
(p <  0.05) from control group.

duced the congenital malformations. However, the tested compound at 
doses of 0.77 g /kg  and 1.55 g/kg evoked malformations of brain, kidneys 
and/or skeletal system and a significant increase in fetuses with delayed 
ossifications. No significant effect of trioxane at a dose of 0.19 g /kg  and 
of formaldehyde at a dose of 0.02 g/kg on prenatal rat development was 
observed.

Histopathological examinations revealed the increased frequency of 
the placentas with all pathological changes: fibrin deposits on the ma­
ternal surface, inflammatory infiltrations and focal necrosis —  only 
in females given trioxane at a dose of 1.55 g/kg. In general a dose- 
-dependent response was observed in the first experiment. However, in 
the second experiment, formaldehyde and trioxane at the lowest dose 
still induced some frequency increase of placentas with pathological 
changes in comparison to a relatively low control, level (Table 4).

The differences in frequency o f placentas with histopathological 
changes between experimental groups were similar to differences in 
values of the index of morphological alterations between the same 
groups. This finding indicates that the wide spread and degree of inten-
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sity of these changes were not increased significantly by treatment, 
which caused mainly an increase of their incidence (Table 5).

DISCUSSION AND CONCLUSIONS

The results indicate that trioxane at sufficiently high doses induces 
fetal lethality, retarded fetal development and congenital malformations 
in rats. The fetotoxic effects show a dose-response or a dose-effect rela­
tionship. The data from this study also show a relationship between 
fetal and maternal toxicity. Trioxane administered per os at two higher 
daily doses of 1.55 g /kg  and 3.87 g /kg  exerted a clear-cut toxic action on 
pregnant females reflected in their reduced body weight gain and daily 
food consumption, altered organ weight and morphological changes in 
the liver. At lower doses the tested compound did not induce apparent 
maternal toxicity. However, trioxane at a daily dose of 0.77 g /kg appar­
ently nontoxic to the mother, still evokes retarded fetal develop­
ment, malformations of the brain and increased incidence of litters with 
late resorptions. Thus, 1,3,5-trioxane administered orally appears to be 
more harmful to a fetal rat than to its mother. This conclusion is further 
supported by the extremely high death rate among embryos and fetuses 
in the 3.87 g/kg group while no lethality was observed among their 
mothers.

The fetotoxicity and teratogenicity of trioxane in the light of this 
study is not related to formaldehyde, a contaminant of the technical 
trioxane preparations. Formaldehyde at a dose much higher than the 
ones which could be administered to females simultaneously with trio­
xane doses did not affect prenatal rat development. This result coincides 
with other data on formaldehyde fetotoxicity. No congenital malforma­
tion nor fetotoxicity was induced by formaldehyde given to female mice 
from  day 6 to day 15 of gestation at a dose of 185 mg/kg., although this 
dose killed 22 of 34 dams so treated (9). No visible fetal malformations 
were found in female rats exposed continuously during pregnancy to 
formaldehyde vapours at a concentration of 1 mg/m* (11).

The data on toxicokinetics of trioxane are not available, but the 
distinct fetotoxic effects of trioxane at daily dose hot inducing maternal 
toxicity (0.1 LD50) suggest that it can cross the placental barrier.

The wide spread and intensity of morphological alterations in pla­
centas were similar in all groups, and treatment with trioxane or form­
aldehyde only increased their incidence. The increased incidence of 
placentas with such changes was found also in experimental groups 
within which no fetotoxicity of trioxane or formaldehyde was shown. 
Thus, it is hard to state to what extent the trioxane-induced histo-



60 Sltarek, Barański and Stetkiewicz

pathological changes in placentas are involved in the induction of its 
fetotoxicity.

The fetotoxic and teratogenic effects are multicellular threshold 
phenomena, their incidence and severity increase with the dose (3). This 
means that trioxane, which is at high doses a teratogenic and fetotoxic 
agent, at substantially lower doses may have no effect on prenatal devel­
opment of mammals.

The exposure limits (time weighted average and short term exposure 
limit) of trioxane in the air of the working environment in Poland were 
established at a relatively low level in order to protect workers from 
irritation o f respiratory airways mucosa. Assuming an 8-hour workday, 
lung ventilation during a hard job —  25 dmVmin, body weight of work­
er —  70 kg and 100% absorption of trioxane in lung —  a daily dose 
absorbed into the body of a man exposed at a concentration o f 15 mg/m* 
would be equal to 2.6 mg/kg. This dose is about 73 times lower than the 
dose of 0.19 g /kg  at which trioxane does not affect prenatal development 
of rats and over 270 times lower than the dose of 0.77 g/kg at which tria- 
xane induces fetotoxic and teratogenic effects. Thus, based on experi­
mental data obtained in this study it seems highly improbable that occu­
pational exposure of a woman to trioxane at or below 15 mg/m* can 
affect prenatal development of her child. However, it may become dan­
gerous for progeny development if exposure takes place at considerably 
higher concentrations. The risk assessment of trioxane influence on hu­
man prenatal development derived from the presented experimental 
data is subject to several uncertainties such as interspecies differences 
in susceptibility.

Acknowledgement

The study was performed in the frames of the programme CPBR 
11.11. ’’Occupational Medicine” .

REFERENCES

1. Barański B. (et al): Teratogenicity, fetal toxicity and tissue concentration 
o f cadmium administered to female rats during organogenesis. J. Appl. Toxicol.
2, 255—260, 1982. — 2. Barański B. (et al): Evaluation o f mutagenic and gonado- 
toxic properties o f trioxane and dioxolane. Med. Pracy 35, 245—255, 1984 (in 
Polish). — 3. Brent R. L.: Editorial comment: Definition of a teratogen and the 
relationship of teratogenicity to carcinogenicity. Teratology 34, 359—360, 1986.
— 4. Czajkowska T. (et al.): Assessment of toxicity of trioxane and dioxolane. 
Final report BR-C, IMP Lodz, Teresy 8, 1980 (in Polish). — 5. Czajkowska T. 
(et al): Long-term inhalation toxicity of 1,3,5-trioxane. Final report C.I.01.P.02.04. 
IMP Lodz, Teresy 8, 1983. — 6. Dziennik Ustaw PRL Nr 1 from Jan. 16, 1987, item 4



Toxicity of 1,3,5-trloxane 61

i 5 (in Polish). — 7. Jedlińska U., Stetklewicz J. and Czajkowska T .: Acute and sub­
acute toxicity o f trioxane and dioxolane based on pathomorphological examinations. 
Roczniki Naukowe IMP, Lodz, Teresy 8, 3, 79—89, 1982 (in Polish). — 8. Kowalski Z., 
Spiechowicz E., Barański B.: Absence of mutagenicity o f trioxane and dioxolane in 
Salmonella typhimurium. Mutation Res. 136, 189—171, 1984. — 9. Marks T. A., 
Worthy W. C. and Staples R. E.: Influence of formaldehyde and Sonacide (poten­
tiated acid glutaraldehyde) on embryo and fetal development in mice. Teratology 22, 
51— 58, 1980. — 10. Przybojewska B„ Dziubaltowska E. and Kowalski Z.: Genotoxic 
effects of dioxolane and trioxane in mice evaluated by the micronucleus test. 
Toxicol. Lett. 21, 349—352, 1984.

11. Pushkina N. N., Gofmekler V. A. and Klertsova G. N.: Changes in content 
of ascorbic acid and nucleic acids produced by benzene and formaldehyde. Bull. 
Exp. Biol. Med. 66, 868—860, 1968. — 12. Zar J. H.: Biostatistical analysis. Prentice- 
-Hall INC. Englewood Cliffs, New York 1974.

Received for  publication: 28.09.1987 
Accepted for publication: 18.11.1987


