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Weil, Zachary M., Leah M. Pyter, Lynn B. Martin II, and
Randy J. Nelson. Perinatal photoperiod organizes adult immune
responses in Siberian hamsters (Phodopus sungorus). Am J Physiol
Regul Integr Comp Physiol 290: R1714–R1719, 2006. First published
January 12, 2006; doi:10.1152/ajpregu.00869.2005.—Individuals of
many nontropical rodent species display reproductive, immunologi-
cal, and somatic responses to day length. In general, short day (SD)
lengths inhibit reproduction and enhance immune function in the
laboratory when all other conditions are held constant. Most studies to
date have focused on seasonal variation in immune function in
adulthood. However, perinatal photoperiods also communicate critical
day length information and serve to establish a developmental trajec-
tory appropriate for the time of year. Nontropical rodents born early
in the breeding season undergo rapid reproductive development,
presumably to promote mating success during their first reproductive
season. Rodents born late in the breeding season suspend somatic
growth and puberty until the following vernal breeding season. We
tested the hypothesis that perinatal day lengths have similar enduring
effects on the immune system of rodents. Siberian hamsters (Phodo-
pus sungorus) were maintained prenatally and until weaning (21 days)
in either SDs (8 h light:16 h dark) or long days (LD) (16 h light:8 h
dark), then they were weaned into either the opposite photoperiod or
maintained in their natal photoperiod, forming four groups (LD-LD,
LD-SD, SD-LD, and SD-SD). After 8-wk in these conditions, cell-
mediated immune activity was compared among groups. SD-SD
hamsters of both sexes enhanced immune function relative to all other
groups. The reproductive effects of perinatal photoperiod were not
evident by the end of the experiment; circulating testosterone and
cortisol sampled at the end of the experiment reflected the postwean-
ing, but not the perinatal photoperiod. This experiment demonstrates
long-lasting organizational effects of perinatal photoperiod on the
rodent immune system and indicates that photoperiod-induced
changes in the immune system are dissociable from changes in the
reproductive system.
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MANY NONTROPICAL ANIMALS DISPLAY annual variation in repro-
ductive and immune activity. Winter represents an energetic
bottleneck, wherein increased thermoregulatory requirements
coincide with reduced energy availability (7). Therefore, dur-
ing the spring and summer, which encompasses much of the
breeding season for small, nontropical vertebrates, investments
are biased toward reproductive activities; however, during late
autumn and winter, resources are diverted to traits promoting
over-winter survival. In the laboratory, many seasonal physi-
ological and behavioral responses can be induced by manipu-
lating day length (photoperiod) (21). Photoperiod information
is transduced into a physiological signal via nocturnal secretion

of pineal melatonin (11). Short day (SD) lengths (�12.5 h
light/day) inhibit reproductive function, but enhance several
aspects of immune function (21).

Adult Siberian hamsters (Phodopus sungorus) housed in SD
lengths enhance delayed-type hypersensitivity (DTH; an index
of cell-mediated immune activity) responses (2). The majority
of research on seasonality of immune function has focused on
photoperiod-induced differences in adult animals born and
raised in long days (LDs) (but see Refs. 23 and 27) that
experience photoperiod manipulation in adulthood. Early-life
photoperiods are also important sources of seasonal informa-
tion and can establish an individual’s developmental trajectory
by regulating somatic and reproductive development (6). Be-
cause the adaptations associated with investing in reproduction
or survival mechanisms are generally mutually exclusive, it is
useful for small animals to follow the appropriate seasonal
developmental trajectory soon after birth. Siberian hamsters
born late in the breeding season delay puberty until the fol-
lowing spring, whereas hamsters born early in the season
undergo rapid reproductive development, presumably to have
the opportunity to mate before autumn (12). Photoperiod in-
formation is communicated in utero to Siberian hamster pups
(15) via the maternal melatonin rhythm. In addition to regula-
tion of developmental processes, early-life photoperiod also
affects reproductive (15) and affective (28) responses to day
lengths later in life. Intermediate day lengths (e.g., 14 h) occur
at both the beginning and the end of the breeding season; thus
the same day lengths forecast very different environmental
conditions. Photoperiodic rodents solve this problem by com-
paring ambient day length to a reference day length that is
encoded prenatally via a mechanism termed photoperiod his-
tory (15, 25, 31). Thus for the reproductive system of season-
ally breeding rodents, the direction of photoperiodic change is
more important than the absolute day length (24).

The present study was designed to examine the enduring
effects of perinatal (the period from conception to weaning)
photoperiod on cell-mediated immune function in adulthood.
Animals were born in either SD or LD and maintained in their
natal photoperiod until weaning, at which time they were either
left in their birth photoperiod or they were transferred to the
opposite lighting condition. The hamsters were housed in the
adult photoperiod for 8 wk before immune challenge to allow
the reproductive system to adjust to the adult photoperiod
treatment. We hypothesized that perinatal exposure to photo-
periods would alter the immunological responses to day length
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in adulthood. Specifically, we predicted that 1) perinatal SDs
would enhance DTH responses in all groups, but to a greater
extent in hamsters housed in SDs following weaning; and 2)
exposure to LD lengths perinatally would attenuate adult SD-
induced elevated immune function.

MATERIALS AND METHODS

Animals

Hamsters (P. sungorus) in this study were bred in our colony at the
Ohio State University from a wild-bred stock obtained from Dr. K.
Wynne-Edwards, Queen’s University, Kingston, Ontario, Canada.
Animals were housed in polypropylene cages (28 � 17 � 12 cm) in
colony rooms with constant temperature (21 � 4°C) and humidity
(50 � 10%) and had ad libitum access to food (Harlan Teklad 8640
Rodent Diet, Indianapolis, IN) and filtered tap water. All studies were
conducted with approval of the Ohio State Institutional Laboratory
Animal Care and Use Committee and were conducted in compliance
with all U.S. federal animal welfare requirements.

Breeding pairs were established in rooms illuminated with either
long (16 h light/day; LD) or short (8 h light/day; SD) photoperiods.
Pairs were inspected daily for the presence of pups, and the day of
birth was designated day 0. Pups were weaned at day 21 into either the
opposite photoperiod (i.e., SD animals transferred to LD) or main-
tained in the perinatal photoperiod (i.e., SD animals remained in SD).
Pups from each litter were distributed between the photoperiod groups
in a pseudorandom fashion. No more than three pups of a single sex
from any litters were used in any group. These photoperiodic manip-
ulations produced four groups. Hamsters born in LD were either
maintained in LD after weaning (LD-LD, n � 8 females, 11 males),
or transferred to SD (LD-SD, n � 6 females, 11 males). Hamsters
born in SD either remained in SD (SD-SD, n � 13 females, 14 males)
or were moved into LD (SD-LD, n � 10 females, 9 males). The time
of lights off was the same for both photoperiod treatments (1500
Eastern Standard Time). Experimental animals were individually
housed at weaning and remained in their respective postweaning
photoperiods for the remainder of the experiment. Seventeen litters
were used to form the groups.

Experimental Procedures

Induction of DTH. DTH was induced by application of 2,4-dinitro-
1-fluorobenzene (DNFB; Sigma) to the right pinna of each hamster
after initial sensitization by application of DNFB to the dorsum.
Sensitization was induced and DTH elicited as follows: following 8
wk of postweaning photoperiod treatment, all hamsters were anesthe-
tized with isoflurane vapors, and an area �2 � 3 cm was shaved on
the dorsum. Twenty-five microliters of DNFB [0.5% (wt/vol) in 4:1
acetone-olive oil vehicle] was applied to the dorsal skin on 2 consec-
utive days. Seven days later, baseline thickness of both pinnae was
measured in lightly anesthetized hamsters with a constant-loading dial
micrometer (Long Island Indicator Service, Hauppauge, NY). Imme-
diately after baseline pinnae thickness measurements were obtained,
20 �l of DNFB [0.2% (wt/vol) in 4:1 acetone-olive oil] were applied
to the skin of the dorsal surface of the right pinna. Left pinnae were
treated with vehicle. Pinnae thickness was measured every 24 h for the
next 7 days. Pinnae thickness values obtained on each day following
challenge were expressed as a percentage of baseline thickness. All
DNFB treatments and pinna measurements were performed between
1300 and 1500, and all measurements were made on the same region
of the pinna by the same person (Z. M. Weil). The DTH response in
hamsters is extremely sensitive to stressors or increases in glucocor-
ticoids; to minimize stress responses, hamsters were brought into the
testing room one at a time.

Reproductive and somatic responses to photoperiod. Following the
conclusion of DTH measurements, animals were weighed, and pel-
ages were scored on a scale from 1 to 5 (1 � dark, summer coat color;

5 � white, winter coat color) in whole integers for each group (10,
28). Hamsters were then deeply anesthetized with isoflurane vapors
and killed by rapid decapitation, and trunk blood was collected.
Reproductive tissues (testes and epididymal fat pads in males and
uteri and ovaries in females) were removed, cleaned of connective
tissue, and weighed to the nearest 0.1 mg. All animals housed in short
photoperiods as adults having testes or uterine masses falling 2
standard deviations below the LD mean were considered reproduc-
tively responsive to short photoperiods. Any animals housed in a short
photoperiod as adults whose testes or uterine mass fell within the
range of the mean minus 2 standard deviations of the long photoperiod
group were considered reproductive nonresponders and were ex-
cluded from further analyses. One male (LD-SD) and one female
(SD-SD) were reproductively nonresponsive and were excluded.

An additional group of hamsters was used to verify that perinatal
photoperiod treatment alone had an effect on reproductive morphol-
ogy. To confirm this, a separate group of hamsters born in SD or LD
was killed at weaning by cervical dislocation at 21 days of age, and
their reproductive tissues were removed and weighed.

RIA procedures. Trunk blood samples were allowed to clot for 30
min; then they were centrifuged for 30 min at 2,500 rpm, and
supernatants were stored in polypropylene microcentrifuge tubes at
�70°C. Serum testosterone concentrations (from males) were deter-
mined in a single assay using a Diagnostic Systems Laboratories
(Webster, TX) 125I double-antibody kit. The intra-assay coefficient of
variation was �5%. Serum cortisol concentrations were determined in
a single assay using a Diagnostic Systems Laboratories 125I double-
antibody kit. The intra-assay coefficient of variation was �5%. Both
kits have been validated previously for use in this species (29).

Data Analyses and Statistics

Reproductive tissue weights and testosterone concentrations were
analyzed with a two-way (perinatal photoperiod � postweaning
photoperiod) ANOVA separately for each sex. Spleen mass, final
body mass, pelage score, and serum cortisol concentrations were
analyzed with three-factor ANOVAs (sex � perinatal photoperiod �
postweaning photoperiod). All tissue weights were corrected for final
body mass before statistical comparisons. Testis length was analyzed
with repeated-measures ANOVA for perinatal and adult photoperiod
manipulation. DTH reactions were compared between sex and group
with repeated-measures ANOVA using litter as a covariate. However,
litter had no effect on any measure and was removed from subsequent
analyses. Following a significant F score, repeated-measures data
were analyzed with sequential Bonferroni multiple-comparison tests;
differences were not considered statistically significant unless P �
0.0083. Within days and between groups, multiple comparisons that
were planned a priori were conducted with Tukey’s honestly signif-
icant difference tests. All comparisons other than the Bonferroni test
results were considered significant if P � 0.05.

RESULTS

Reproductive Responses

After 10 wk of housing in their respective postweaning
photoperiods, females were significantly lighter than males
[F(1,81) � 60.143, P � 0.0001 data not shown]. Hamsters
housed in SD as adults were lighter than those in LD, regard-
less of perinatal photoperiod [F(1,81) � 106.235, P � 0.0001;
data not shown].

Perinatal exposure to SDs reduced both testis [F(1,12) �
859.938, P � 0.0001; Fig. 1A] and uterine mass [F(1,14) �
32.637, P � 0.0001; Fig. 1B] in animals killed at weaning.
However, by the end of the experiment (10 wk postweaning),
only adult photoperiod affected paired testis weight, such that
animals housed in LD as adults had larger testes than those
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