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Environmental Fate Profile

Available data are insufficient to fully assess the environmental fate of
cycloheximide.

Cycloheximide is dehydrated in solution to yield trans-anhydrocycloheximide,
which is rehydrated to yield a-epicycloheximide and/or a-epi-Naramycin B
(Garrett and Notari, 00011594). Dehydration is very rapid in alkaline and
highly acidic solutions (Garrett and Notari, 00011595). The slowest rate
of dehydration occurs at pH 4.4, and the rate increases with increasing
temperature. Precise estimates of reaction rates and product values under
typical environmental conditions are not available. Based on the available
data, however, maximum yields of these products are expected to be >10% of
the applied cycloheximide. A minor transformation product (<10%) may be
derived from the isomerization of trans-anhydrocycloheximide to yield the
cis isomer and then rehydration to give isocycloheximide, but this has not
been definitively shown (Garrett and Notari, 00011594).

The glutarimide ring of cycloheximide, its isomers, and anhydrocycloheximide
is readily hydrolyzed to yield the monocarboxylic acid amide (Garrett and
Notari, 00011594 and 00011595). The reaction occurs instantly in highly
alkaline solutions, and the rate decreases with decreasing pH. Further
hydrolysis yields ammonia and the dicarboxylic acid. The latter reaction

is favored in acidic solutions but is rate Timiting in alkaline solutions.



At 20-30 C, hydrolysis reaches 10% completion in 2-3 hours and 7-11 days
at pH 9 and 7, respectively. The experimental conditions of these studies
were often outside of the range of interest for the development of useful
environmental fate information. Another hydrolysis reaction in alkaline
solutions was observed by Kornfeld (05013827). This reaction occurred

at the o-carbon atom of cycloheximide (and the equivalent position of
anhydrocycloheximide) to yield d-2,4-dimethylcyclohexanone. The
glutarimide ring was simultaneously hydrolyzed to yield ammonia and
propionaldehyde-3,3-diacetic acid. The latter compound is readily
oxidized to methanetriacetic acid. This study was done in 5 N NaOH, which
is drastically different from usual environmental conditions.

Cycloheximide dissipates rapidly from soil. Cycloheximide, at 0.13-10 ppm,
had a half-1ife of 1.5-3 days in a Toam and an unidentified soil at 24

and 28 C, respectively (Gottlieb et al., No MRID), a sandy soil outdoors
(in a container) in Florida during January (Petzold et al., 00012843),

and a mixture of three soils at 35 C (Petzold and Chapman, 00011196 and
00012845). When [!*C]cycloheximide was used in the soil mixture, extractable
14C had a half-1ife of about 2 days (Petzold and Chapman, 00012845). More
than 80% of the applied 1“C volatilized during 9 days of incubation, and
<15% was unextractable. Microorganisms contribute to degradation of
cycloheximide in soil, as determined by comparison of sterile and non-
sterile soil samples (Gottlieb et al., No MRID; Petzold and Chapman,
00012845). No data were available on degradation products formed in soil.

Cycloheximide is toxic to fungi. . Based on the available data {(Anilkumar
and Chakravarti, 05019056; Coursen and Sisler, 05013934; Di Menna, 05014316;
Gottlieb et al., No MRID; Hacskaylo, 05013615; Martin and Nicolas, '
05012807; Naumova and Naumov, 05016140; Partridge, 05016063; Ryder and
Peberdy, 05021327; Tani et al., 05013498; Vaartaja and Agnihotri, 05013346),
it is expected that cycloheximide in soil at 21 ppm will markedly inhibit
fungal growth. Cycloheximide, at 0.7 ppm, also induced the elimination

of extrachromosomal genes in Saccharomyces cerevisiae (Naumova and Naumov,
05016140). Cycloheximide also is toxic to other eucaryotic organisms. At
30 ppm, cycloheximide inhibited respiration by the protozoan Tetrahymena

pyriformis (Mefferd and Loefer, 05017110) and rhizoid formation by the
green alga Boergesenia forbesii (Ishizawa et al., 05021055).




The growth of most bacteria in soil should not be affected'by cycloheximide
at Tow concentrations (S1 ppm) (Anilkumar and Chakravarti, 05019056).
Cycloheximide, at 4,000 ppm, inhibited soil respiration for 6 hours

(Vancura and Kunc, 05016745), but no data are available for lower concentra-
tions and longer time periods. The growth of some blue-green algae is
inhibited by cycloheximide at 250 ppm (Kapoor and Sharma, 05021783; Yopp

et al., 05018934). In vitro nitrogen fixation was markedly inhibited by
cycloheximide at 250 ppm (Kapoor and Sharma, 05021783). Cycloheximide
inhibited nodule formation in the symbiotic association between Rhizobium
trifolii and clover (Robinson, 05013679).

[14C]Cycloheximide and its residues were very mobile in sand soil. In a
rapid leaching study, over 95% of the applied 1*C leached through a
12-inch column eluted with the equivalent of 20 acre-inches of water
(Staten et al., 00011189). Cycloheximide comprised 64% of the 14C
residues. When residues were aged 30 days (Staten et al., 00011190),
52% of the applied !“C was leached, 15% remained in the soil, and 27%
had dissipated. In this study, cycloheximide was not detectable in the
leachate. In a soil thin-layer chromatography study (Helling et al.,
05001190), cycloheximide was mobile to very mobile (Rf, 0.89) in a silty
clay Toam soil.

Cycloheximide dissipated rapidly under field conditions (Petzold et al.,
00012843), with a half-1ife of 2 days in sandy soil treated with 4.23%
ai WP at ~0.19 1b ai/A.

Cycloheximide does not accumulate in bluegills. For fish exposed to two

doses of [!*CJcycloheximide at 0.09 ppm, the maximum bioaccumulation factor
for 1%C residues was <10 during a T-month exposure period (Petzold and
Chapman, 00012864 and 00012880). Cycloheximide is relatively soluble in water
(2.1% at 2 C; the Merck Index, 9th ed., Merck & Co., Rahway, NJ, 1976),

and therefore should have a low octanol/water partition coefficient.
Cycloheximide had a half-life of about 4-7 days in nonsterile water

typical of natural systems (Petzold and Chapman, 00012864 and 00012880;
Petzold et al., 00012843). '




In summary, cycloheximide has a half-1ife in soil of about a week or less.
The identity of products formed in soil are not known from the available
data, but loss of products or parent compound by volatilization is indicated.
Cycloheximide will be toxic to fungal and protozoan populations immediately
following application, but long-term effects are not expected due to the
rapid dissibation rate. Products formed in water are: trans-anhydrocyclo-
heximide; cycloheximide isomer(s) that is probably o-epi-Naramycin B and/or
a-epicycloheximide; monocarboxylic acid amides and dicarboxylic acids of
cycloheximide, its isomers, and anhydrocycloheximide; and ammonia. Cyclo-
heximide and its residues readily leach in sand soil, and cycloheximide is
mobile to very mobile in silty clay loam soil. If cycloheximide enters an
aquatic system, it will be rapidly transformed, and residues are not ex-
pected to accumulate in aquatic non-target organisms.

Summary of Major Data Gaps

The major data gaps for this chemical are: hydrolysis studies; photo-
degradation studies in water, on soil, and in air; aerobic soil metabolism
studies; two rapid leaching studies in either sandy loam, clay, or clay

loam soil; laboratory and field volatility studies; and terrestrial field dis-
sipation studies. Reentry data may be required as determined by further review.

Label Restrictions

At present, there are no label restrictions regarding the environmental
chemistry of cycloheximide.

References

Anilkumar, T.B., and B.P. Chakravarti. 1970. Effect of root feeding with
antibiotics on rhizosphere microflora of maize seedlings. Biochem. Physiol.
Pflanz. 161(5):442-446. (05019056) '

Coursen, B.W., and H.D. Sisler. 1960. Effect of the antibiotic, cyclo-
heximide, on the metabolism and growth of Saccharomyces pastorianus. Am.
J. Bot. 47(7):541-549. (05013934)




~

Di. Menna, M.E. 1962. The antibiotic relationships of some yeasts from
soil and leaves. J. Gen. Microbiol. 27:249-257. (05014316)

Garrett, E.R., and R.E. Notari. 1965. Cycloheximide transformations.
II. Kinetics and stability in a pharmaceutically useful pH range. J.
Pharm. Sci. 54(2):209-215. (00011595)

Garrett, E.R., and R.E. Notari. 1966. Cycloheximide transformations. I.
Kinetics and mechanisms in aqueous acid. J. Org. Chem. 31:425-434.
(00011594)

Gottlieb, D., P. Siminoff, and M.M. Martin. 1952, The production and
role of antibiotics in soil. IV. Actidione and clavacin. Phytopathology
42(9):493-496. (No MRID)

Hacskaylo, E. 1961. Influence of cycloheximide on growth of mycorrhizal
fungi and on mycorrhizae of pine. For. Sci. 7(4):376-379. (05013615)

Helling, C.S., D.G. Dennison, and D.D. Kaufman. 1974. Fungicide move-
ment in soil. Phytopathology 64:1091-1100. (05001190)

Ishizawa, K., S. Enomoto, and S. Wada. 1979. Germination and photo-
. induction of polarity in the spherical cells regenerated from protoplasm
fragments of Boergesenia forbesii. Bot. Mag. 92(1027):173-186. (05021055)

Kapoor, K., and V.K. Sharma. 1979. Effects of cycloheximide and maleic
hydrazide on a nitrogen-fixing cyanophyte. Biochem. Physiol. Pflanz.
174(5/6):509-512. (05021783)

Kornfeld, E.C. 1949. The structure and chemistry of Actidione, an
antibiotic from Streptomyces griseus. J. Am. Chem. Soc. 71(1):150-159.
(05013827)

Martin, J.F., and G. Nicolas. 1970. Physiology of spore germination in
Penicillium notatum and Trichoderma lignorum. Trans. Br. Mycol. Soc.
55(1):141-148. (05012807)

b |



Mefferd, R.B., Jr., and J.B. Loefer. 1954. Inhibition of respiration in
Tetrahymena pyriformis S by Actidione. Physiol. Zool. 27:115-118.
(05017110)

Naumova, T.I., and G.I. Naumov. .1974. Induced elimination of killer
cytogenes (k;) and (k,) and the neutral cytogene (n) of the Saccharomyces
yeasts. Biol. Sci. (Moscow) 17(2):108-110. (05016140)

Partridge, A.D. 1966. Some effects of cycloheximide on selected forest
fungi. Plant Dis. Rep. 50(7):497-499. (05016063)

Petzold, E.N., and D.D. Chapman. 1970. The stability of cycloheximide in a
controlled soil environment: Report No. 120-9760-30. (Unpublished study
received July 28, 1970, under 1023-EX-27; submitted by Upjohn Co., Kalamazoo,
MI; CDL:210033-D). (00011196) '

Petzold, E.N., and D.D. Chapman. 1971. Fate of cycloheximide when
incorporated into sterile vs. nonsterile soil: Report No. 120-9760-51.
(Unpublished study received Mar. 22, 1972, under 2F1252; submitted by
Upjohn Co., Kalamazoo, MI; CDL:095124-F). (00012845)

Petzold, E.N., and D.D. Chapman. 1971. Residues of l“C-cycloheximide in
bluegills from exposure via water for a month: Report No. 120-9764-48.
(Unpublished report submitted by Upjohn Co., Kalamazoo, MI). (00012880)

Petzold, E.N., and D.D. Chapman. 1972. Residues of 1“*C-cycloheximide in
bluegills from exposure via water for a month: Report No. 120-9764-48
(Revised). (Unpublished report submitted by Upjohn Co., Kalamazoo, MI).
(00012864) '

Petzold, E.N., A.W. Neff, and D.D. Chapman. 1971. Effect of repeated
applications of water upon the migration and persistence of cycloheximide
in a treated plot of Florida soil: Report No. 120-9760-52. (Unpublished
study received Mar. 22, 1972, under 2F1252; submitted by Upjohn Co.,
Kalamazoo, MI; CDL:095124-D). (00012843)



Robinson, A.C. 1968. The effect of anti-fungal antibiotics on the
nodulation of Trifolium subterraneum and the estimation of Rhizobium
trifolii populations. Aust. J. Exp. Agric. Anim. Husb. 8(32):327-331.
(05013679)

Ryder, N.S., and J.F. Peberdy. 1979. Chitin synthetase activity and
chitin formation in conidia of Aspergillus nidulans during germination
and the effect of cycloheximide and 5-fluorouracil. Exp. Mycol. 3(3):
259-269. (05021327)

Staten, F.W., A.M. Thornton, and W.M. Wright. 1974. Soil leaching studies
on Florida soil fortified with l%C-cycloheximide and aged 30 days: Report
No. 120-9760-92. (Unpublished study including letter dated Jan. 24,

1974, from F.W. Staten. A.M. Thornton, and W.M. Wright to A.W. Neff,
received Sept. 29, 1977, under 1023-50; submitted by Upjohn Co., Kalamazoo,
MI; CDL:097214-J). (00011190)

Staten, F.W., W.M. Wright, and A.M. Thornton. 1974. Soil leaching studies
on cycloheximide: Report No. 120-9760-93. (Unpublished study including
letter dated Jan. 25, 1974, from F.W. Staten, W.M. Wright, and A.M. Thornton
to A.W. Neff, received Sept. 29, 1977, under 1023-50; submitted by Upjohn
Co., Kalamazoo, MI; CDL:097214-1). (00011189)

Tani, M., N. Ishida, and I. Furusawa. 1977. Effects of temperature and
antibiotics on appressorium formation in spores of Colletotrichum lagenarium.
Can. J. Microbiol. 23(5):626-629. (05013498)

Vaartaja, 0., and V.P. Agnihotri. 1969. Interaction of nutrients and
four antifungal antibiotics in their effects on Pythium species in vitro
and in soil. Plant Soil 30(1):49-61. (05013346)

Vancura, V., and F. Kunc. 1977. The effect of streptomycin and Actidione
on respiration in the rhizosphere and non-rhizosphere soil. Zentralbl.
Bakteriol. Parasitenkd. Infektionskr. Hyg., Abt. II 132(5/6):472-478.

(05016745)



Yopp, J.H., G. Albright, and D.M. Miller. 1979. Effects of antibiotics
and ultraviolet radiation on the halophilic blue-green alga, Aphanotheca
halophytica. Bot. Mar. 22(5):267-272. (05018934)




