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Response of Human
Lymphocytes In Vitro to Two
Dietary Furans, Furfuryl Alcohol
and 2-Furyl Methyl Ketone
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The genotoxicity of furfuryl alcohol and 2-furyl
methyl ketone was assessed in human lymphocytes
in vitro using standard chromosome aberration anal-
ysis and sister chromatid exchange (SCE) analysis.
Three doses ranging from 240 to 960 ppm which cor-
responded to in vivo doses were selected. Lympho-
cytes were cultured using TC-199 medium plus re-
quired supplements and initiated using blood drawn
from healthy human donors who had not been ex-
posed to any drugs or chemicals for a substantial pe-
riod of time. After 24, 48, and 72 hr of compound ex-
posure, slides were prepared and analyzed for varia-
tions in the mitotic index (MI) and chromosome aber-
rations. For SCE analysis, 10µg of 5-bromodeoxy
uridine was added 24 hr after culture initiation and
slides were prepared and stained using the standard
technique. Two hundred metaphase spreads were
scored per dose per period to analyze chromosome
aberrations, and 5000 cells were randomly scored to
calculate the MI. Seventy-five metaphase spreads in
second mitotic divisions were scored for each dose
and period for SCE analysis. All data were subjected
to stastical analysis. There was an insignificant in-
duction of chromosome aberrations and mitodepres-
sion (MD), while SCEs showed an increased incidence
with both compounds which was dose and period de-
pendent.
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INTRODUCTION

The environment contains several potential in-
ducers of cancer and hence carries mutagenic risks.
They include natural or synthetic agents such as ra-
diation, numerous chemicals, food additives, drugs,
dietary compounds, and pesticides.1) Many of them
are genotoxic and carcinogenic in animal models.
Some mutagenic compounds are naturally reactive
to DNA, while others undergo enzymatic reactions
to become electrophilic species2–4) to bind with
DNA, RNA, and proteins.

Epidemiologic data show that diet is a crucial
factor in the etiology of human cancer.5) The di-
etary furans, furfuryl alcohol and 2-furyl methyl
ketone, occur in a variety of vegetarian and non
vegetarian foods6) and have wide industrial appli-
cations.7) Furans and related compounds are toxic
to animals and humans after bioactivation.8, 9) They
are reported to induce hepatic, pulmonary, and re-
nal toxicity.10) Earlier investigations in our labora-
tory revealed their clastogenicity, mitodepression,
cytotoxicity, and induction of sister chromatid ex-
changes (SCEs) in an in vivo experimental mouse
system.11–14) The information available on their ac-
tivity in an in vitro system is highly fragmentary.
Stitch et al.,15) reported the clastogenic activity of
some furans in Chinese Hamster Ovary (CHO) cells
in the presence of S-9 mix. It was shown in vitro
that the reactive intermediates covalently bind to tis-
sue macromolecules in hepatic and pulmonary mi-
crosomal systems.10) Gomez-Arroyo and Souza16)

reported the induction of SCEs in human lympho-
cytes in vitro with furfural but their absence in oc-
cupationally exposed persons.

Although furfuryl alcohol and 2-furyl methyl
ketone were shown to induce clastogenicity, cyto-
toxicity, and SCEs in animal models in our previous
studies, it is necessary to determine the activity of
these two furans in an in vitro system without any
metabolic activation and confirm whether the com-
pounds themselves are genotoxic or their metabolic
conversion in the body is necessary to make them
genotoxic. Many mutagenic compounds undergo
chemical or enzymatic conversions in cells to be-
come electrophilic species and cause mutations. We
therefore used in vitro human lymphocyte cultures
to assess the activity of furfuryl alcohol and 2-furyl
methyl ketone without any metabolic activation.

SCEs result from DNA interchanges between
replication products at homologous regions follow-
ing breakage and reunion of DNA. They serve as
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elegant cellular dosimeters to evaluate mutagenic
events occurring at the molecular level. As these
two furans were shown to induce SCEs significantly
in an in vivo mouse test system,17) we attempted to
evaluate them in vitro using this endpoint and com-
pare the in vivo data with the in vitro results.

MATERIALS AND METHODS

Dose Selection —— Three doses of the two com-
pounds ranging from 240–960 ppm were computed
on a blood volume basis to correspond to in vivo
doses.14) Fifty microliters of the desired concentra-
tions of compounds (furfuryl alcohol, 240, 480 and
960 ppm, 99% pure, Oxoid, Basingstock, Hamp-
shire, U.K.; and 2-furyl methyl ketone, 240, 480
and 720 ppm, 99% pure, Fluke, AG, Switzerland,
Germany) were added 0, 24, and 48 hr after initia-
tion of culture to correspond to 72-, 48-, and 24-hr
exposure to the test compounds at the time of termi-
nation. The highest dose selected for 2-furyl methyl
ketone was 720 ppm since the dose corresponding
to 960 ppm in an in vivo system was found to be
lethal.13)

Selection of Donors —— The mitotic rate and cell
cycle are specific to each individual and vary from
person to person. Their response to different drugs
also varies.17, 18) Hence control and treated cultures
were prepared from the same donors in the age-
group of 20–25 years and of the same sex. Precau-
tions were taken so that they were not exposed to
any drug, chemical, or other agent.
In vitroculture —— In vitro cultures were prepared
according to the standard microculture method19)

using TC-199 medium (Schwartz Bioresearch,
Schwartz Bioresearch, Orange burg, New York,
U.S.A.) supplemented with human AB+ serum
(20%), phytohaemagglutinin (PHA, Difco Labora-
tories, Difco Lab. Michigan, U.S.A.) and antibiotics
(dicrysticine-S-Fortis, Sarabhai Chemicals, Vado-
dara, India). Seven cultures per day (1 control and
6 treated) were allowed to grow for 24, 48, and
72 hr, respectively. Blood (3.5 ml) was collected in
heparinized syringes by venipuncture and added to
each culture vial in 0.5-ml volumes. After mixing
thoroughly, the samples were incubated at 37◦C for
72 hr.

To assess the effect of the furans on cultures,
the test concentrations of compounds in a volume
of 50 µl were added 0, 24, and 48 hr after initiation
of culture to correspond to 72-, 48-, and 24-hr ex-

posure, respectively to the test substance at culture
termination. Most cells undergo the first division
in culture after 40–54 hr while some of them are in
their second division at 72 hr.20)

Two hours prior to harvesting, three drops of
colchicine (7.14 µg/ml) were added to each culture
vial and mixed well. After 72 hr, slides were pre-
pared according to the standard air-drying method.
Chromosome Aberration Analysis —— Two hun-
dred well spread metaphases were scored for each
dose and period to analyze various chromosome
aberrations. To assess the action of these furans on
cell proliferation, 5000 cells were randomly scored
for each dose and period and analyzed for variations
in mitotic indices using the following formulae:

Mitotic index (MI)

=
No. of cells in division × 100

Total no. of cells scored

Mitodepression (MD)

=
MI (control) −MI (treated) × 100

MI (control)
SCE Analysis —— Cultures were prepared in the
same same manner as for chromosome aberration
analysis described above. After 24 hr of culture,
10 µg of 5-bromodeoxy uridine (5-Brdu, Sigma
Chemical, St. Louis, MO, U.S.A.) was added to
each culture and covered with black paper to avoid
photolysis.21) Slides were prepared using standard
air-drying method, stored in the dark for 2–3 days,
and processed for differential staining using the
method of Perry and Wolff.22) Seventy five well dif-
ferentiated second metaphases were scored for each
dose and period.

All experiments were repeated three times and
results are expressed as mean ± S.E.
Stastical Analysis —— Statistical analysis was car-
ried out using Woolf’s modified chi-square test23)

for chromosome aberration analysis, 2× 2 contin-
gency test24) for variations in mitotic index, and Stu-
dent’s t-test for SCE analysis. A t-value of less than
0.05 was considered to represent a statistically sig-
nificant difference.

RESULTS AND DISCUSSION

Human lymphocytes in vitro undergo mitosis af-
ter blast transformation when cultured with PHA.
The majority of cells are in the first metaphase after
48 hr and reach the second metaphase after 72 hr.20)

Hence exposure of the cells to test compounds for
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Table 1. Chromosomal Aberrations and Mitodepression Induced by Furfuryl Alcohol In Vitro

Period Dose Mitotic index Mitodepression Structural aberrations Numerical Other

(hr) (ppm) With gaps Without gaps aberrations aberrations
24 Control 3.40 — 1 — — 1

240 3.32 2.35 — — — 6
480 3.24 4.71 2 2 — 3
960 3.16 7.06 4 2 — 5

48 Control 3.64 — 1 1 — 1
240 3.44 5.49 4 2 — —
480 3.40 6.59 5 2 1 —
960 3.30 9.34 5 3 — 1

72 Control 3.50 — 1 — — 1
240 3.36 4.00 — — 1 —
480 3.22 8.00 — — — 2
960 3.10 11.43 5 2 — 2

Structural aberrations include gaps, breaks, dicentrics, and fragments. Numerical aberrations include polyploidy and endoreduplica-
tion. Other aberrations include satellite associations and centromeric associations.

Table 2. Chromosomal Aberrations and Mitodepression Induced by 2-Furyl Methyl Ketone In Vitro

Period Dose Mitotic index Mitodepression Structural aberrations Numerical Other

(hr) (ppm) With gaps Without gaps aberrations rrations
24 Control 3.40 — 1 — 1 1

240 3.36 1.18 — — — —
480 3.20 5.88 — — — 1
720 3.10 8.82 2 2 1 1

48 Control 3.64 — — 1 — 1
240 3.52 3.29 5 1 2
480 3.40 6.59 1 — — 1
720 3.24 10.98 5 3 — 5

72 Control 3.50 — 1 — — —
240 3.40 2.86 — — 1 3
480 3.36 4.00 5 3 2 5
720 3.20 8.57 6 3 — 5

Structural aberrations include gaps, breaks, dicentrics, and fragments. Numerical aberrations include polyploidy and endoreduplica-
tion. Other aberrations include satellite associations and centromeric associations.

different periods gives a good indication of activity
at various stages of the cell cycle.

Tables 1 and 2 show the activity of furfuryl al-
cohol and 2-furyl methyl ketone on human lympho-
cytes in vitro. There was a decrease in the rate of
cell proliferation as the MI declined after culture
with both compounds. However, the induction of
MD was not statistically significant compared with
control cultures. The sporadic incidence of chromo-
somal aberrations observed included gaps, breaks,
fragments, centromeric associations and others. Al-
though there was a slight increase in their incidence
in test cultures, it was not statistically significant
(Tables 1 and 2).

In our earlier studies, furfuryl alcohol and 2-
furyl methyl ketone were found to be mitodepres-
sive and mildly clastogenic in the mouse bone mar-
row system.13) Furans are reported to produce reac-
tive electrophilic intermediates after metabolic ac-
tivation which react with nucleic acids, proteins, or
other macromolecules.7) The absence of mutagenic-
ity in the present study suggests that metabolic acti-
vation is necessary for clastogenicity, as reported for
other furans like furfural and 5-methyl furfural.15)

SCE analysis is an elegant dosimeter for detect-
ing mutagenicity at the cellular level.21) SCEs are
consequences of DNA interchanges between repli-
cation products at homologous regions following
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Table 3. Sister Chromatid Exchanges Induced by Furfuryl alcohol and 2-Furyl Methyl Ketone In Vitro

Period Dose Furfuryl alcohol 2-Furyl methyl ketone

(hr) (ppm) SCEs SCEs\Cell t-values SCEs SCEs\Cell t-value
scored (mean ± S.E.) scored (mean ± S.E.)

24 Control 235 3.13 ± 0.66 — 235 3.14 ± 0.66 —
240 311 4.15 ± 0.54 2.09 240 3.20 ± 0.84 0.11
480 345 4.60 ± 0.28 2.88∗ 365 4.86 ± 0.40 3.93∗

720 — — — 375 5.00 ± 0.62 6.93∗∗

960 338 4.50 ± 0.50 2.85 — — —

48 Control 249 3.32 ± 0.33 — 249 3.32 ± 0.33 —
240 380 5.07 ± 0.70 3.98∗ 283 3.77 ± 0.40 1.50
480 403 5.37 ± 0.51 5.85∗∗ 428 4.37 ± 0.45 3.28∗

720 — — — 426 5.68 ± 0.35 6.56∗∗

960 465 6.20 ± 0.72 6.40∗∗ — — —

72 Control 217 2.90 ± 0.36 — 217 2.90 ± 0.36 —
240 210 2.80 ± 0.66 0.23 310 4.13 ± 0.35 4.24∗

480 272 3.63 ± 0.35 2.52 330 4.40 ± 0.75 3.13∗

720 — — — 405 5.50 ± 1.44 2.94∗

960 325 4.33 ± 1.14 2.07 — — —
∗Significant at 5% level (expected value is 2.78). ∗∗Significant at 1% level (expected value is 4.60).

the breakage and reunion of DNA. Although fur-
furyl alcohol and 2-furyl methyl ketone were found
to be nonclastogenic in in vitro systems, SCE anal-
ysis was carried out to determine whether they were
able to produce SCEs under culture conditions be-
cause many clastogens are reported to be noninduc-
ers of SCEs while many nonclastogens are SCE in-
ducers.25) Table 3 shows the induction of SCEs af-
ter furfuryl alcohol and 2-furyl methyl ketone ex-
posure. A significant induction of SCEs was found
after 24 hr with the two higher doses of furfuryl al-
cohol and with all doses after 48 hr treatment. The
frequency declined after 72 hr and was not signifi-
cant. Culture with 2-furyl methyl ketone resulted in
significant SCE induction at the two higher doses
after 24 and 48 hr and with all doses after 72 hr
(Table 3). The incidence of SCEs was higher in
lymphocytes cultured with 2-furyl methyl ketone.
With both compounds there was an increase in
SCEs from lower to higher doses with an increase
from 24 to 48 hr and a decline there after. The de-
crease in the later period may be due to the repair of
lesions, death of lesion-bearing cells or lack of per-
sistence of chemical activity at the target site.14, 26)

It has been established that the mechanism in-
volved in the induction of SCEs and chromoso-
mal aberrations are different.27, 28) Hence the ab-
sence of induction of chromosomal aberrations by
furfuryl alcohol and 2-furyl methyl ketone in vitro
and occurrence of SCEs following exposure even at

low concentrations is not surprising since there are
reports that low concentrations of a mutagen can
produce significant SCEs,21, 29) while some known
clastogens like bleomycin and ionizing radiation
are poor SCE inducers.30, 31) In our earlier studies
with in vivo mouse system, analysis of chromosome
aberrations from bone marrow showed an increased
incidence of structural aberrations only at the high-
est concentrations11–13) whereas SCE analysis was
positive for all concentrations.14) While these re-
sults indicate the chromosomal mutation activity of
the two furans in vivo, SCE data from the present
study provide further evidence to support their ac-
tivity at the DNA level although they failed to show
clastogenicity in vitro. These results are in con-
formity with those of Gomez-Arroyo and Souza16)

who showed that furfural, a furan derivative induced
SCEs in human lymphocytes in vitro. They also
showed the absence of induction of SCEs after 72-
hr exposure to furfuryl alcohol in vitro. However,
the results from the present study compared differ-
ent durations of exposure and found evidence for
the induction of SCEs in earlier periods. Other di-
etary furans like 2-methyl furan and 2,5-dimethyl
furan also induced SCEs in human lymphocytes in
vitro.26)

There are no reports on the long-term expo-
sure of humans to any furan derivative. Animal
models have demonstrated cytotoxicity or carcino-
genicity to the liver, nasal tract, central nervous sys-
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tem and kidney after long-term exposure to many
furans.32, 33) In our studies, furfuryl alcohol and 2-
furyl methyl ketone induced cytotoxicity and stress
proteins at up to 90 days of exposure in mouse
models.34) Hence the present study is significant
as humans are constantly exposed to furans either
through diet or the environment.
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