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Effects of Fenbendazole on Routine Immune
Response Parameters of BALB/c Mice

Carolyn Cray,"" David Villar,"? Julia Zaias,"? and Norman H Altman’

Fenbendazole (FBZ) is an anthelmintic drug widely used to treat and prevent pinworm outbreaks in laboratory rodents.
Although data in nonrodent species indicate possible effects of fenbendazole on the bone marrow and lymphocyte prolif-
eration and function, little has been reported regarding possible effects on the rodent immune system. The purpose of the
current study was to determine the effects of a therapeutic regimen of FBZ on immune parameters in BALB/c mice. Both 9-wk
on—off and 5-wk continuous medicated feed protocols were assessed. No significant differences between normal and FBZ
diet treated mice were observed in the following parameters: complete blood count, blood chemistry, quantitation of major T
and B cell markers in spleen, quantitation of T cell markers in the thymus, spleen cell proliferation to T and B cell mitogens,
bone marrow colony-forming cell assays, skin graft rejection, and primary and secondary humoral immune responses. These
data indicate that FBZ treatment does not affect many standard broad measures of immune function.

Abbreviations: Con A, concanavalin A; FBZ, fenbendazole; LPS, lipopolysaccharide

Fenbendazole (FBZ) is a broad-spectrum benzimidazole
anthelmintic drug that has gained widespread use for the treat-
ment and prophylaxis of pinworm infection.!>20% FBZ typically
is administered through the use of medicated feed and is often
used instead of ivermectin, which can have toxic effects in young
animals.?* Although no toxic effects have been reported from
the use of FBZ at therapeutic levels, the physiologic or biologic
actions of the drug potentially might alter or interfere with ongo-
ing research experiments.??? To this point, treatment with FBZ
apparently decreases fecundity but not reproduction in rats.'#?”
Furthermore, FBZ had no effect in rat behavioral studies.?1%
Recently, FBZ reportedly enhanced lipopolysacchide-induced
inflammation in rats.'®

FBZ treatment alters numerous immune parameters in nonro-
dent species including inducing myelosuppression and altering
T and B cell responses.>19111923.26 I contrast, FBZ treatment (150
ppm) for 23 wk did not alter the onset or incidence of diabetes
in NOD mice.” Furthermore, assays of T helper function and
cytotoxicity remained unaffected in BALB/c mice treated for 2
wk with 100 ppm FBZ.2! In contrast, FBZ at 10mg/kg for 5d in
C57BL/6 mice resulted in increased spleen cell proliferation to
mitogens.® The goal of the current study was to examine BALB/c
mice for changes in routine parameters and assessors of immune
function during and after treatment with a commercially avail-
able FBZ-medicated (150 ppm) diet. Many treatment protocols
using FBZ-medicated diet have been proposed.'?? This study
was conducted by using both a 9-wk on-off schedule as well
as 5-wk continuous application.

Materials and Methods
Animals and housing. All animals were maintained in accord-
ance with the temperature and humidity recommendations
of the Guide for the Care and Use of Laboratory Animals'® at the
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AAALAC-accredited facilities of the University of Miami. All
experimental procedures were approved by the university’s
Animal Care and Use Committee. Sentinel mice maintained
on dirty bedding were screened quarterly for: mouse hepatitis
virus, Sendai virus, Mycoplasma pulmonis, pneumonia virus of
mice, minute virus of mice, Thieler murine encephalomyelitis
virus, mouse parvovirus, mouse rotavirus, lymphocytic cho-
riomeningitis virus, and parasitic infections. Once a year, the
panel was extended to include mouse norovirus, Ectromelia
virus, K virus, Encephalitozoon cuniculi, polyoma virus, mouse
adenovirus, reovirus, murine cytomegalovirus, hantavirus,
mouse thymic virus, Clostridium piliforme, and cilia-associated
respiratory bacillus. Helicobacter testing by PCR was conducted
also. All results were negative during the course of this study.

BALB/c female mice purchased from Charles River Labora-
tories (Wilmington, MA) were used throughout the studies and
were 8 wk of age on arrival. C57BL/6 mice used as skin-graft
donors were obtained from an inhouse breeding colony. Mice
were conventionally housed in groups of 5 animals per cage by
using nonautoclaved shredded aspen bedding (Harlan Teklad,
Madison, WI) and microisolation filter tops. They were given
ad libitum access to rodent chow and municipal water by bot-
tle. Regular chow was purchased from PMI International (Lab
Diet 5001; Richmond, IN). Fenbendazole medicated diet was
purchased from Harlan Teklad (Irradiated Global Diet 2018 with
150 ppm FBZ). The concentration of FBZ was verified through
analytical testing at a reference laboratory.

Animals were bled by using the submandibular method,
and blood was placed in a lithium-heparinized tube (Capijet,
VWR, West Chester, PA) for complete blood count and chem-
istry analyses. Blood was placed in an anticoagulant-free tube
(Capijet, VWR) for the antibody studies. Animals used for the in
vitro assays were euthanized by cervical dislocation to minimize
cellular changes in the lymphoid tissues. All other animals were
euthanized by CO, inhalation.

For the 9-wk on-off treatment schedule, time points of days
21,35, and 63 were examined in 2 independent experiments. For
the 5-wk continuous treatment schedule, time points of days
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14,21, and 35 were examined in 2 independent experiments. In
the 9- wk group, mice received FBZ-containing feed for 1 wk
followed by 1 wk of FBZ-free feed, yielding a 63-d treatment
period. Chow intake did not appear to vary during this period,
in that FBZ-treated mice mirrored the weight gain found in
control (normal chow) mice. A minimum of 5 mice were evalu-
ated per time point in each treatment group. Treatment groups
included mice receiving the normal diet and the 5- and 9-wk
FBZ treatment groups. Weekly throughout the treatments, the
mice were weighed and examined for any changes in clinical
appearance.

Complete blood count and blood chemistry analysis. The
complete blood count was performed by using an automated
analyzer (Hemavet 950, Drew Scientific, Waterbury, CT). Param-
eters included: total WBC, total RBC, hemoglobin, hematocrit,
RBC indices, WBC differential, and platelet count. After comple-
tion of the complete blood count, the lithium-heparin tube was
centrifuged, and the plasma was analyzed by using an auto-
mated chemistry analyzer (Ortho Vitros 250, Ortho Diagnostics,
Rochester, NY). The analyses included: glucose, BUN, creatinine,
calcium, phosphorus, total protein, and alanine transaminase.
Data were analyzed as the mean + SE of a minimum of 5 mice
per experimental group.

Preparation of cell suspensions. Cell suspensions were pre-
pared from the spleen and thymus by gentle homogenization in
RPMI1640 media (without supplements, VWR). Bone marrow
suspensions were prepared from bone marrow pulp extruded
by injecting RPMI1640 media into the ends of tibia and femur
bones. After centrifugation, cells were counted by using trypan
blue exclusion. Tissue samples from 5 mice were pooled and
examined per time point.

Flow cytometry. Cells from spleen and thymus were labeled
at 4 °C in the dark for 15 to 20 min with one or more of the
following antibodies (BD Pharmingen, San Diego, CA): phy-
coerythrin-conjugated antiCD8 (clone 53-6.7); FITC-conjugated
antiCD4 (clone GK1.5), FITC-conjugated antiCD3 (clone 145-
2C11), FITC-conjugated antilg. Cells were analyzed on a flow
cytometer (FACScan, Becton Dickinson, San Jose, CA) with
software provided by the manufacturer (CellQuest, Becton
Dickinson) and using forward and side scatter gates previously
identified to contain lymphoid cells.

Colony-forming cell assays. Three colony-forming cell assays
were conducted by using reagents purchased from StemCell
Technologies (Vancouver, BC, Canada). Bone marrow was har-
vested from the femur and tibia bones, counted, and adjusted
to a cell concentration as indicated in the protocols provided
by the company. The bone marrow was plated in triplicate and
incubated at 37 °C in 5% CO, and 95% humidity in specific
media (MethoCult, StemCell Technologies) to stimulate the
production of erythrocyte, granulocyte, and preB cell progeni-
tors. Colony-forming cells were counted after 3 to 12 d by using
an inverted microscope. Data are presented as the mean * SE
of triplicate cultures.

In vitro proliferation of spleen cells. Spleen cell proliferation
assays were conducted by using sterile 96-well flat-bottom
plates (Costar, Cambridge, MA). Cell suspensions from pooled
tissues prepared for flow cytometry were adjusted appropriately
for a final concentration of 1x 10 cells per well. Cells were incu-
bated at 37 °C, 5% CO,, and 95% humidity with concanavalin A
(ConA, 5 mg/ml, Sigma, St Louis, MO), antiCD3 monoclonal
antibody (clone 145-2C11, 1:10 in tissue culture supernatant),
and lipopolysaccharide (LPS, 50 pg/ml, Sigma) in RPMI1640
media supplemented with 10% FCS, L-glutamine, antibiotics,
and nonessential amino acids (VWR). After 48 h, cultures were
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Figure 1. Assessment of weight change in mice treated with fenbenda-
zole- medicated diet continuously for 35 d and by an on-off protocol
for 63 d. Data are mean + SE of data from a pool of 12 mice collected
at multiple time points during each treatment protocol. There are no
significant differences between control and FBZ mice (P > 0.05).

pulsed with 1 uCi3H-thymidine (New England Nuclear, Boston,
MA) for 18 h. The cultures were harvested, and uptake was
measured by liquid scintillation. Data are presented as mean *
SE of triplicate cultures.

Skin grafting. Allogeneic tail skin was grafted onto the tail
skin of recipients according to the procedure of Melvold.”¢
Recipient mice were anesthetized by using a ketamine—xylazine
mixture. C57BL/6 donor skin grafts (approximately 2 x 5 mm)
were placed on open tissue beds of recipient tails, allowed to
adhere, and covered with a polystyrene tube for 1 to 2 d. Mice
were examined daily for pain and discomfort. This protocol
has routinely been found to not require analgesia, and none
was given as per our approved protocol. On day 3, grafts were
examined and graded as satisfactory, unsatisfactory, or no graft.
Only satisfactory grafts were examined the remainder of the
experiment. Every 1 to 2 d thereafter, grafts were graded on
a quantitative system for appearance, loss of hair, drying or
scabbing of the graft, and color of the tissue. Complete rejection
occurred with total loss of the grafted tissue. Recipients also
received syngeneic grafts for internal experimental controls.
Results are calculated as the mean rejection score + SE for the 5
mice in each experimental group.

Assessment of primary and secondary antibody responses.
Mice were injected intraperitoneally with 0.05 ml of 1 mg/ml
dinitrophenyl-human serum albumin, Sigma) emulsified v/v
with Titermax (Sigma). For primary antibody responses, a single
injection was given on each experimental time point during FBZ
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Table 1. Spleen and thymus cell flow cytometric data from FBZ-treated mice

Continuous feed protocol
(% of total population)

On-—off protocol
(% of total population)

Regular diet FBZ diet Regular diet FBZ diet
Spleen
CD4* 23.8+25 240+1.3 216104 209+26
CD8* 129+21 10.6+£1.4 102+1.1 15.3+£1.0
Ig* 40.2+19 37.5+3.6 25.0+0.8 33.6+8.7
Thymus
CD4CD8~ 3.0+03 3.6+09 73145 47132
CD4+CD8~ 9.7+09 9.6+1.2 6.4+09 6.2+0.2
CD4CD8+ 35+13 29106 32+1.1 35106
CD4+CD8~ 67.7+7.7 62.1+£9.1 67.2+11.3 83.7+£2.1

Mice were treated continuously for 35 d and by an on-off protocol for 63 d. Values shown reflect the mean + SE of data collected from a pool of
5 mice collected at days 14, 21, and 35 for the continuous-feed protocol and days 21, 35, and 63 for the on—off protocol . There are no significant

differences between control and FBZ mice (P > 0.05).

Table 2. Spleen cell proliferation data from FBZ-treated mice

Continuous feed protocol

On-off protocol

Stimulation Regular diet FBZ diet Regular diet FBZ diet
None (medium only) 1212 £ 101 1154 + 88 1874 + 854 1922 £ 765
ConA 71370 £ 2241 73711 £ 9780 108389 + 16562 83504 + 13463
LPS 27371 7399 15612 + 988 57512 £ 7993 65245 + 5380
AntiCD3 55510 + 7572 42030 £ 10174 30140 + 2393 26647 + 1576

Mice were treated continuously for 35 d and by an on-off protocol for 63 d. Values shown reflect mean + SE of proliferation (counts per minute)
obtained from triplicate cultures of a pool of 5 control or FBZ-treated mice on day 35 for the continuous-feed protocol and day 63 for the on—off
protocol. There are no significant differences between control and FBZ mice (P > 0.05).

treatment. For secondary antibody response, an injection was
given 2 wk prior to the start of the project while the mice were
on anormal rodent diet. Follow-up injections were given on each
experimental time point during FBZ treatment. For each time
point, 5 mice were injected per experimental group. Fourteen
days after the last injection, mice were bled by the submandibu-
lar method, and serum was tested by ELISA. For this procedure,
ELISA plates (Maxisorp Immunomodule ELISA plates, Nunc,
Rochester, NY) were coated with 1 ug/ml dinitrophenyl-human
serum albumin and blocked with a 10% casein solution (Sigma).
Serum samples were diluted 2-fold to determine the titer or
endpoint of reactivity as tested and compared with serum from
nonimmunized mice. Results are expressed as the mean titer +
SE of the 5 mice per experimental group.

Statistical analysis. Mean and standard error were calculated
for all tests. The Student ¢ test was used to calculate P values.
Differences associated with P values of less than or equal to
0.05 were considered significant. All statistical analyses were
conducted by using Prism 4 software (GraphPad Software, La
Jolla, CA).

Results

Throughout each treatment protocol, the clinical condition
of the mice did not change grossly. Weights of the animals did
not differ between those receiving normal and medicated diets,
although all mice gained weight over the course of treatment re-
gardless of diet (Figure 1). Hematology and chemistry analyses
also revealed no significant differences (data not shown).

Flow cytometric analysis of pooled thymocytes and spleno-
cytes revealed no significant differences (Table 1). For purposes
of statistical analyses, flow cytometric data were averaged
over 3 experimental time points for each treatment schedule.

When spleen cells were cultured, no significant differences in
proliferation to the mitogens ConA or LPS or with the use of an
anti-CD3 monoclonal antibody were observed (Table 2). In Table
2, proliferation data are represented by the last experimental
time point, which was the termination of treatment for both
schedules. Similar experiments were conducted at earlier time
points during treatment, and no significant differences were
found between treatment groups (data not shown).

Bone marrow cultures yielded no significant differences in
the number of colony-forming units of the erythrocyte, granu-
locyte, and preB cell lineages. The data presented in Table 3
are representative of data collected at earlier time points during
treatment.

Two evaluations of in vivo immune function were under-
taken. No significant differences in skin graft rejection were
observed between mice with normal and FBZ-containing diets
(Figure 2). Primary immunization yielded low titers of antigen-
specific antibody in both treatment groups (Table 4). Secondary
immunization reflected a large increase in titer. In studies of
both treatment protocols, there were no significant differences
in mice undergoing primary or secondary immunizations. By
all in vivo assessments, no significant differences were found
by using these methods at earlier time points during treatment
(data not shown).

Discussion
The aim of this study was to evaluate whether commonly
used therapeutic regimens of the anthelmintic fenbendazole
alters any routine parameters used to monitor immune func-
tion. Both in vitro and in vivo responses were studied in mice
that were treated with FBZ-medicated diet in 5-wk continuous
and 9-wk on—off schedules. The lymphoid tissues examined
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Figure 2. Assessment of skin graft rejection in mice after treatment
with fenbendazole-medicated diet continuously for 35 d and by an
on—off protocol for 63 d. Data are mean * SE of data from 5 mice col-
lected at multiple time points after skin grafting. A score of 4 is consid-
ered a fully rejected graft. There are no significant differences between
control and FBZ mice (P > 0.05). These results are representative of
skin grafting performed at early time points during treatment.

included bone marrow, thymus, and spleen. Both T and B cell
function were evaluated by using in vivo methods.

Several previous reports have indicated that FBZ can result
in severe myelosuppression in nonrodent species;!%192326 these
investigators postulated that the origin of the myelosuppression
was idiosyncratic and dose-related. Prior to the current report,
specific assessments had not been made in rodent species. The
current study detected no significant differences in colony-
forming cell assays for erythrocyte, granulocyte, and preB cell
progenitors as a function of diet. Because the current studies
were conducted by using commercially available diet containing
150 ppm FBZ, future studies might address possible dose- or
mouse-strain-related differences to elucidate the origin of the
myelosuppression in nonrodent species.

Flow cytometric evaluation failed to reveal any significant
FBZ-associated differences in major thymocyte and splenocyte
populations. FBZ-medicated diet previously was found to not
affect splenic lymphocyte subpopulations as evaluated by flow
cytometry of diabetic and nondiabetic control mice.” Further-
more, in the current study, when splenocytes were cultured with
mitogens and antiCD3, no significant differences in stimulation
as measured by cell-proliferation assays were present between
normal and FBZ diet groups in both the 5- and 9-wk treatment
schedules. This result is consistent with the findings of unal-
tered ConA-induced proliferation in T cells from NOD mice

Effects of fenbendazole on immunity

treated for 23 wk.? However the current data contrast with other
findings, which indicated that FBZ treatment for 5 d resulted
in increased responses in mitogens and altered splenic T cell
subpopulations.® These differences may be related to dosages,
treatment schedules, mouse strains, and analytical methods. For
example, in the cited study, FBZ was administered at a dose of
10 mg/kg twice daily for 5 d, and spleen cell proliferation was
assessed after 72 h of incubation.? Other investigators treated
mice by medicated diet for 23 wk and assessed proliferation at
72 h.? The current study used routine 5- and 9-wk treatment
protocols and a 48-h spleen cell proliferation period.

Compared with the current study, one study performed more
specific analyses of T cell function in mice after a 2-wk treatment
with 100 ppm FBZ-medicated diet.?! In vitro methods were used
to assess the generation of allospecific and influenza-specific T
cells responses, and no significant differences between normal
and FBZ-treated BALB/c mice were found. Furthermore, the
same study quantitated influenza-specific T cell proliferation
and antibody production. In the current study, despite a trend
toward decreased antibody production in the 5-wk continuous
treatment protocol, no significant differences were observed
in the titers generated in response to immunization. Overall,
previously published results are consistent with the findings of
the current study regarding evaluation of the in vivo immune
responses of skin graft rejection and primary and secondary
antibody production.

In contrast to the lack of changes in broad in vivo measures,
other work from our group has demonstrated that FBZ treat-
ment reduce some functions of proB cells in young (8 to 12 wk)
and old (22 to 24 mo) BALB/c mice.'” Using specific measures
of transcription factors, mRNA expression, and DNA binding,
that study detected these effects on the fourth round of treatment
in the on—off schedule. Most of these changes, including mild
depression of the B cell proliferative response to LPS, returned
tonormal levels by 6 wk after treatment. These data indicate that
FBZ treatment has the potential to affect experimental results
from sensitive immunologic assays. Future studies should be
considered to assess the effects of FBZ treatment on specific
cell populations including T cell subsets, B cells, and antigen-
presenting cells.

FBZ has been reported to block mitosis of human lym-
phocytes in vitro.!! In addition, FBZ treatment of sheep
reduced peripheral blood lymphocyte responses to ConA
and phytohemagglutinin;® this study also indicated that FBZ
decreased the in vivo response to a particulate antigen. These
studies may reflect species differences in sensitivity to FBZ and
are consistent with the earlier-cited reports of FBZ-induced
myelosuppression in nonrodent species.

A recent survey indicated that parasitic infections in rat and
mouse colonies are quite prevalent.® These infections, particu-
larly with pinworms, are known to affect the physical condition
and health of laboratory rodents.? With regard to the immune
system, pinworm- infected mice have increased myelopoiesis
and erythropoiesis, altered reactivity to cytokines, and altered
immune tolerance, which can lead to the development of
autoimmune diseases.!* These and other biologic changes sup-
port the importance of eradication of pinworms from research
colonies. Commercially available diets and proven treatment
regimens make eradication a feasible undertaking.'>? However,
researchers may understandably be concerned that treatment for
pinworms may alter experimental results. In contrast to other
treatments, FBZ-medicated diet appears to have minimal (if any)
effect on frequently used immunocompetent rodent strains.?
The current study provides evidence that FBZ does not affect
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Table 3. Bone marrow colony-forming assays of FBZ-treated mice

Continuous feed protocol On-off protocol
Progenitor assay Regular diet FBZ diet Regular diet FBZ diet
Erythroid 67.0+3.8 67.7+6.3 174.0+31.6 133.3+29.8
preB 270+3.8 28.3+3.8 23.7+48 183+0.7
Lymphoid 31.7+39 29.0+3.5 36.7 4.7 443+8.7

Mice were treated continuously for 35 d and by an on—off protocol for 63 d. Values shown reflect mean + SE of number of colonies obtained from
triplicate cultures of a pool of 5 control or FBZ mice on day 35 for the continuous-feed protocol and day 63 for the on—off protocol. There are no
significant differences between control and FBZ mice (P > 0.05).

Table 4. Antibody titers of FBZ-treated mice

Continuous feed protocol On-off protocol
Immunization Regular diet FBZ diet Regular diet FBZ diet
Primary 1843 + 597 716 £ 215 7373 £ 819 8192+ 0
Secondary 235900 + 26210 157300 + 44450 81920 + 16384 106496 + 24576

Mice were treated continuously for 35 d and by an on-off protocol for 63 d. Values shown reflect mean + SE of titers obtained from 5 control or
FBZ mice on day 35 for the continuous-feed protocol and day 63 for the on—off protocol. There are no significant differences between control
and FBZ mice (P > 0.05).
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