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Original Article

Developmental Toxicity Studies with Pregabalin in Rats:
Significance of Alterations in Skull Bone Morphology

Dennis C. Morse,'* Judith W. Henck,? and Steven A. Bailey®

Pfizer Worldwide Research and Development, Drug Safety Research and Development, Groton, Connecticut
2Toxicology Solutions Consulting LLC, Leeds, Utah
3Pfizer Worldwide Research and Development, Drug Safety Research and Development, Andover, Massachusetts

Pregabalin was administered to pregnant Wistar rats during organogenesis to evaluate potential developmental toxicity.
In an embryo-fetal development study, compared with controls, fetuses from pregabalin-treated rats exhibited increased
incidence of jugal fused to maxilla (pregabalin 1250 and 2500 mg/kg) and fusion of the nasal sutures (pregabalin 2500
mg/kg). The alterations in skull development occurred in the presence of maternal toxicity (reduced body weight gain)
and developmental toxicity (reduced fetal body weight and increased skeletal variations), and were initially classified as
malformations. Subsequent investigative studies in pregnant rats treated with pregabalin during organogenesis confirmed
the advanced jugal fused to maxilla, and fusion of the nasal sutures at cesarean section (gestation day/postmating day
[PMD] 21) in pregabalin-treated groups. In a study designed to evaluate progression of skull development, advanced
jugal fused to maxilla and fusion of the nasal sutures was observed on PMD 20-25 and PMD 21-23, respectively (birth
occurs approximately on PMD 22). On postnatal day (PND) 21, complete jugal fused to maxilla was observed in the
majority of control and 2500 mg/kg offspring. No treatment-related differences in the incidence of skull bone fusions
occurred on PND 21, indicating no permanent adverse outcome. Based on the results of the investigative studies, and a
review of historical data and scientific literature, the advanced skull bone fusions were reclassified as anatomic variations.

Pregabalin was not teratogenic in rats under the conditions of these studies. Birth Defects Res (Part B) 107:94-107, 2016.
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INTRODUCTION

Pregabalin (Pfizer, NY, USA) is a gamma-aminobutyric
acid analog that binds with high affinity and selectiv-
ity to the a2-8 subunit of voltage-gated calcium chan-
nels at nerve presynapses and modulates their activity
(Stahl et al., 2013). This mode of action translates into
anticonvulsant, analgesic, and anxiolytic effects. In the
United States, Pregabalin (Lyrica®) is indicated as ad-
junctive treatment for partial seizures, for the treatment
of pain associated with fibromyalgia, postherpetic neu-
ralgia, and neuropathic pain associated with diabetic pe-
ripheral neuropathy and spinal cord injury (Pfizer, 2013).
In Europe, it is indicated as adjunctive treatment for par-
tial seizures, central and peripheral neuropathic pain, and
generalized anxiety disorder (Pfizer, 2015).

As part of the nonclinical assessment, a series of oral
developmental toxicity studies in Wistar rats were per-
formed to assess the effects of pregabalin on pre- and post-
natal development, to better characterize the observed
findings of increased incidence of jugal fused to maxilla
and fusion of the nasal sutures, and the potential impact

on skull development. In the mature rat skull, the jugal
bone (known as the zygomatic or malar bone), together
with the zygomatic/maxillary processes of the maxillary
and temporal bones, form the zygomatic arch, which en-
circles the orbit of the eye (Makris et al., 2009). In the
immature rat skull, the jugal bone is separate from the
maxilla, but as development progresses and ossification
advances, fusion of the zygomaticomaxillary suture be-
tween the jugal (zygomatic) bone and maxilla occurs and
forms the lower portion of the orbit (Fig. 1). In Long-
Evans rats, this closure is generally not present at the
time of birth, and if it does occur, is an indication that
ossification is advanced (Walker and Wirtschafter, 1957).
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Maxilla

Fig. 1. Lateral view of the skull of gestation day (GD) 21 fetal rats. (A) Control fetus with unfused jugal bone and maxilla (arrow). (B)
Fetus from female treated with pregabalin 2500 mg/kg/day with a fused jugal bone and maxilla (arrow).

Similarly, in the Long-Evans rat, the nasal bones are not
fused at birth. However, fusion of this suture, as well
as the zygomaticomaxillary suture, is apparent six days
after birth in Long-Evans rats (Walker and Wirtschafter,
1957).

An important aspect of advanced ossification is the
potential impact on subsequent skull morphology, and
ultimately, on overall health. Classification of develop-
mental anomalies has been the topic of many work-
shops and publications, with global input from academia,
scientific institutes, regulatory agencies, and the chemi-
cal and pharmaceutical industries. Although definitions
differ somewhat, most classification schemes recognize

Birth Defects Research (Part B) 107:94-107, 2016

structural anomalies as belonging to two major groups:
malformation and variation. The working definition of
malformation from the Parke-Davis and Pfizer labora-
tories applied in this article is as follows: developmen-
tal deviations that are (1) gross structural changes, (2)
may be incompatible with life, and (3) are generally rare
in control populations. The definition of variation ap-
plied in this article is as follows: structural alterations
that occur more often than malformations and are consid-
ered to have no significant adverse effect on body con-
formation, function, or general well-being. These defi-
nitions are consistent with global efforts to harmonize
terminology in developmental toxicology in a series of
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workshops known as the Berlin Workshops (Chahoud
etal., 1999).

Per discussion at the second Berlin Workshop, the ob-
servation of “fused” should be assigned to the malforma-
tion category regardless of frequency (Solecki et al., 2001).
Concerns included unknown postnatal consequences and
unknown significance in humans. In a survey sent to sci-
entists active in the field of developmental toxicology,
100% of respondents felt that fused maxilla should be con-
sidered a malformation, while 80% felt that fused nasal
bones should be categorized as such (Solecki et al., 2001).
However, a “gray zone” has been discussed, including
anomalies for which there is uncertainty regarding their
ultimate importance, with the agreement that new knowl-
edge and skills should be pursued to enable classifica-
tion (Solecki et al., 2013). The current studies provide
new knowledge on the increased incidence of two specific
skull bone fusions, and their lack of impact on subsequent
skull development and postnatal health.

This article presents results from four developmental
toxicity studies with pregabalin in Wistar rats. The first is
the embryo-fetal development study (EFD1), which was
conducted to assess the developmental toxicity, includ-
ing the teratogenic potential, of pregabalin. The second is
the embryo-fetal development replication study (EFD2),
which was conducted to evaluate the reproducibility of
the skull bone findings from Study EFD1 and the histo-
logical characteristics associated with these findings. The
third is the perinatal skull development study, which was
conducted to determine the natural perinatal progression
of the skull bone fusions and the possible effects of prega-
balin on the progression of these fusions (on postmating
day [PMD] 19-26). The fourth is the postnatal skull de-
velopment study, which was conducted to assess the pos-
sible effects of pregabalin on the morphological develop-
ment of the skull at postnatal day (PND) 21. In addition,
data from Study EFD1 were reviewed relative to histori-
cal developmental toxicity data and a pre- and postnatal
study in Wistar rats (Pfizer, unpublished data) to evalu-
ate the impact of the observed morphological anomalies
on postnatal health. The developmental anomalies of the
skull identified in the original EFD1 study were originally
classified as malformations, but were subsequently reclas-
sified as variations. A weight of evidence approach is pre-
sented to support this reclassification, as well as the con-
clusion that pregabalin was not teratogenic in rats.

MATERIALS AND METHODS

All studies adhered to guidelines for animal welfare
(National Institutes of Health, 1985/1996) and were con-
ducted according to the U.S. Food and Drug Administra-
tion (FDA) Good Laboratory Practice Regulations (FDA,
1988; 1994), with the exception that the investigative stud-
ies were not audited. The initial embryo-fetal toxicity
study was conducted at Parke-Davis Pharmaceutical Re-
search Division, Department of Pathology and Experi-
mental Toxicology, Ann Arbor, MI, which was acquired
by Pfizer in 2000. The three investigational developmental
studies were conducted at Pfizer Global Research and De-
velopment, Ann Arbor Laboratories, Ann Arbor, MI. De-
sign features of the four rat developmental toxicity stud-
ies are summarized in Table 1.

Female Wistar rats [Crl:(WI)BR] from Charles River
Breeding Laboratories (Kingston, NY and Raleigh, NC)
were used in these studies. Sexually mature females were
mated with sexually mature males from the same strain
and source. Determination of insemination by the pres-
ence of sperm in a vaginal smear was considered gestation
day (GD) 0, which corresponded to PMD 0 in the perinatal
skull development study, to correct for the overall length
of development due to the variability in the day of birth
(ranging from PMD 22-24).

Sperm-positive female Wistar rats were assigned to
treatment groups. For the plasma drug concentration
analysis conducted in Study EFD], five females were as-
signed to a toxicokinetic (TK) subgroup of each treat-
ment group using a block design. The remaining females
in Study EFD1 and the successfully mated females in
the other studies were randomly assigned to treatment
groups. The rats were housed in individual stainless-steel
wire mesh cages suspended over absorbent paper. In the
perinatal and postnatal skull development studies, rats
were moved to plastic cages at GD 20. Food (Purina Lab-
oratory Diet No. 5002 Certified Rodent Chow®) and wa-
ter were provided ad libitum, with the exception of Study
EFD2 and the postnatal study, which provided food in
weighed portions up to GD 21 and GD 20, respectively.
Food was then provided ad libitum from GD 20 to PND
21 in the postnatal study. Environmental conditions were
set to maintain temperature between 68—78°F and rel-
ative humidity between 30—75% in rooms with a 12 h
light/dark cycle.

In all studies, rats were treated once daily by oral gav-
age (25 ml/kg) on GD 6—17. Each study included a ve-
hicle control group that received an equivalent dose of
0.5% methylcellulose. In Study EFD2, untreated control
groups enabled potential vehicle-related effects on the in-
cidence of skull bone fusion to be examined. In Study
EFD1, pregabalin doses of 500, 1250, and 2500 mg/kg
were selected based on the results of an oral dose range-
finding study in Wistar rats with a top dose of 2500
mg/kg (Pfizer, unpublished data). In Study EFD2, pre-
gabalin was administered at doses of 50, 100, 250, 500,
1250, or 2500 mg/kg. Doses of = 500 mg/kg were se-
lected to reproduce the findings observed in Study EFD1.
Doses of < 500 mg/kg were selected based on the man-
ifestation of developmental toxicity at these dose lev-
els in subsequent pre- and postnatal development stud-
ies (Pfizer, unpublished data). In both the perinatal and
postnatal skull development studies, a dose of prega-
balin 2500 mg/kg was selected to match the highest dose
used in Studies EFD1 and EFD2 to further characterize
treatment-related skull bone findings observed in these
studies.

In Study EFD1, blood was obtained from the TK sub-
groups on GD 15 for plasma drug concentration analy-
sis. Blood samples were collected under anesthesia by or-
bital bleeding and placed into tubes containing sodium
heparin. Samples were obtained from the control group
4 h post-dose and from the pregabalin-treated groups 0
(pre-dose), 1, 4, 7, and 12 h post-dose. The blood was
centrifuged and the plasma was stored frozen until ana-
lyzed for pregabalin concentrations at the Pharmacokinet-
ics and Drug Metabolism Department, Parke-Davis Phar-
maceutical Research, Ann Arbor, MI, (now Pfizer) using a
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validated high-performance liquid chromatography pro-
cedure.

In all studies, maternal females were observed daily
for clinical signs of toxicity, and body weights were
recorded at appropriate intervals (Table 1). Maternal food
consumption was only measured in Study EFD1 and
recorded concomitantly with body weight. In the post-
natal skull study, naturally delivered litters (designated
PND 0) were evaluated for offspring sex, viability, clinical
signs, and any external abnormalities. Offspring were ob-
served daily for signs of abnormal appearance, and body
weights were recorded on PND 0, 4, 7, 14, and 21.

All animals were euthanized in a CO, atmosphere. The
TK females in Study EFD1 were euthanized on GD 16
with no gross necropsy examination. The non-TK females
in Study EFD1 and all maternal females in Study EFD2
were euthanized on GD 21 and examined grossly (Table
1). In the perinatal study, females with litters and their
offspring were designated for euthanasia as follows: 10
per treatment on PMD 19, 24, 25, and 26; and 20 per treat-
ment on PMD 20, 21, 22, and 23. Based on previous re-
search (Walker and Wirtschafter, 1957) and historical data
(Pfizer, unpublished data), it was anticipated that closure
of the sutures in controls would be rare on PMD 19 and at
a high incidence on PMD 24-26. Therefore, a group size
of 10 was expected to provide a suitable number of off-
spring for the analysis. In the postnatal study, the mater-
nal females and all surviving offspring were euthanized
on PND 21. Gross necropsies were not performed in the
perinatal or postnatal skull development studies. Utero-
tomies were performed in Study EFD1, Study EFD2, and
the perinatal skull development study to collect litter and
fetal data (Table 1). Live term fetuses were not weighed in
Study EFD2.

For all studies, the offspring were examined for exter-
nal variations and malformations of the head, including
the orbit. In EFD], all fetuses were also examined by fresh
dissection for visceral malformations and variations. In
EFD2, half of the heads of the fetuses from each litter were
fixed in formalin, and processed for light microscopy ex-
amination of the jugal sutures. The heads from the con-
trol groups and the 2500 mg/kg dose group were ex-
amined by light microscopy. Approximately two-thirds
of fetuses/litter from EFDI1, one-half of fetuses/litter
from EFD2, and all offspring from both the perinatal
and postnatal skull development studies were eviscer-
ated, cleared, stained with Alizarin Red S, and examined
for skeletal malformations and variations of the skull.
Skeletal evaluation included an assessment of the sutu-
rae zygomaticomaxillaris (between jugal bone and max-
illa) and nasofrontalis (between nasal bones). The findings
described as jugal fused to maxilla and fusion of the nasal
bones represent advanced ossification and development
of connective tissue resulting in the early closure of the
sutura zygomaticomaxillaris and the sutura nasofrontalis,
respectively. For consistency this report uses the term “fu-
sion” for this process.

For evaluation, this article uses laboratory-set evalua-
tion criteria to define malformations as developmental de-
viations that are: (1) gross structural changes, (2) may be
incompatible with life, and (3) are generally rare in con-
trol populations (Henck et al., 1992). Variations were de-
fined as structural alterations that occur more often than

malformations and are considered to have no significant
adverse effect on body conformation, function, or general
clinical signs.

Statistical Analyses

In Study EFD1, the class-wise significance level was al-
located to each parameter proportionally by the inverse
of the square root of the number of parameters in a class
(Tukey et al., 1985). Most quantitative reproductive pa-
rameters were analyzed using Tukey’s sequential trend
test using the rank dose scale and rank-transformed data
(Park, 1985; Tukey et al., 1985), one- or two-tailed, at the
5% class-wise significance level. This trend test is equiva-
lent to sequential application of Kruskal-Wallis one-way
analysis of variance by ranks with the treatment effects
being evaluated by dose-trend tests, which have contrast
coefficients for equally spaced (ranked) treatment groups.
If the high-dose linear trend test was not statistically sig-
nificant, a test of trend reversal was performed at the 1%
class-wise significance level. If the test of trend reversal
test was statistically significant, then Dunnett’s test (Dun-
nett, 1955; 1964) was used to compare the treated groups
with the vehicle control at the 5% class-wise significance
level.

The percentage of fetuses in each litter with external,
visceral, and skeletal malformations and variations, as
well as skeletal ossification sites, were evaluated by ap-
plying weighted nonparametric Tukey’s sequential trend
test to the vehicle control and 500, 1250, and 2500 mg/kg
groups, at the 5% class-wise significance level in Study
EFD1. The value of the weight variable was the number
of fetuses examined. The analyses of percent litters with
fetuses with variations or malformations were performed
by sequential application of a Cochran—-Armitage test (Ar-
mitage, 1955; Cochran, 1955) for linear trend in propor-
tions at the 5% class-wise significance level, one-tailed. If
the high-dose Cochran—-Armitage test was not statistically
significant, a nonlinearity test (Armitage, 1955; Cochran,
1955) was performed at the 1% class-wise significance
level. If the nonlinearity test was statistically significant,
then Fisher’s exact test, performed at the 5% class-wise
significance level, one-tailed, was used to compare the
treated groups with the vehicle control.

In Study EFD2, means and standard errors were calcu-
lated for maternal body weight and body weight change
and standard necropsy parameters; inferential statistics
were not conducted. In the perinatal and postnatal skull
development studies, means and standard errors were
calculated for maternal and offspring body weight and
body weight change. In the perinatal skull development
study, the mean percentage of offspring per litter with
sutures closed was compared between vehicle control
and pregabalin-treated groups for each PMD using the
method of generalized estimating equations (Diggle et al.,
1994). The significance level was adjusted for the number
of PMDs examined.

RESULTS
Initial Embryo-Fetal Development Study (EFD1)

Maternal. There were no treatment-related deaths
before scheduled study termination.

Birth Defects Research (Part B) 107:94-107, 2016
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Table 2
Mean Plasma Pregabalin Pharmacokinetic Values in Rats on GD 15 from Study EFD1

Pregabalin dose (mg/kg/day), mean (SD)

Plasma pregabalin parameters 500 (n = 4) 1250 (n =5) 2500 (n = 4)
Crnax (pg/ml) 321 (74.3) 623 (93.9) 614 (119.2)
Tonax () 1.0 (0.0) 2.8(1.6) 40 (2.4)
AUC.24 (pgeh/ml) 2055 (211.3) 6590 (1262.6) 9473 (1214.4)

AUC(p4, area under the plasma pregabalin concentration-time curve from 0-24 h; Cinax, maximum observed pregabalin concentration;
EFD1, embryo-fetal development study (initial); GD, gestation day; SD, standard deviation; Tmax, time of Cmax.

Treatment-related maternal clinical signs that occurred
in all pregabalin-treated groups were hypoactivity, tail
chewing, and sore/discoloration, bruxism, and urine
staining. Additional clinical signs at 1250 and 2500 mg/kg
that occurred at a greater incidence than in controls were
ataxia, chromodacryorrhea, and alopecia.

Body weight gain in the 2500 mg/kg group was sig-
nificantly less than the control group by 26% during the
treatment period (GD 6-18) and 30% less than the control
group during the posttreatment period (GD 18-21), both
p < 0.05. Food consumption in the 2500 mg/kg group
was significantly less than the control group by 14% for
the treatment period (p < 0.05). Food consumption for the
500 and 1250 mg/kg groups was significantly reduced by
16 and 11%, respectively, compared with controls for the
posttreatment period (both p < 0.05).

The principal pharmacokinetic parameters of prega-
balin on GD 15 are summarized in Table 2. Mater-
nal exposure was demonstrated and area under the
plasma concentration-time curve (AUC) showed a dose-
proportional increase with pregabalin. The mean manxi-
mum plasma pregabalin concentration (Cpax) values in-
creased with dose up to 1250 mg/kg but did not increase
between doses of 1250 and 2500 mg/kg.

The incidence of gross pathological findings—which
were correlates of the clinical observations such as alope-
cia and tail injury—were increased relative to the control
group at 1250 and 2500 mg/kg. There were no other sig-
nificant gross pathology findings observed at necropsy.
No treatment-related effects were observed on numbers of
corpora lutea, litter size, pre- and postimplantation losses,
or on fetal sex ratio (Table 3).

Fetal. Mean body weight in male fetuses in the 2500
mg/kg dose group was significantly lower than the con-
trol group by 8% (p < 0.05; Table 3). Fetal body weight for
females treated at 2500 mg/kg was lower than control by
10%; although this difference was not statistically signif-
icant, the mean value for this group was outside that of
concurrent and historical controls, and therefore was con-
sidered biologically significant.

There were no treatment-related external or visceral
malformations or variations (Table 4). There were no
treatment-related skeletal malformations. Initially classi-
fying findings of jugal fused to maxilla and nasal bones
fused as malformations resulted in a statistically signifi-
cant increase in skeletal malformations at 1250 and 2500
mg/kg/day. However, after these findings were reclassi-
fied as variations based on the scientific data presented
in this paper, the incidences of skeletal malformations
in the pregabalin dose groups were consistent with the

Birth Defects Research (Part B) 107:94-107, 2016

control group. Statistically significant increases in skele-
tal variations occurred in the 1250 and 2500 mg/kg dose
group (p = 0.002 and p < 0.001, respectively). Jugal bone
fused to maxilla (Fig. 1) occurred with a fetal incidence of
1.7, 0.6, 5.7, and 9.9% in the control, 500, 1250, and 2500
mg/kg dose groups, respectively (Table 5). Fused nasal
bones occurred in the 2500 mg/kg dose group only with
a fetal incidence of 5.5% and no occurrences in controls
(Table 5). Of the 10 fetuses with fused nasal bones, two
had fused jugal to maxilla (unilateral). The incidence
of skeletal variations of the fetuses was significantly in-
creased at 1250 and 2500 mg/kg doses due to the in-
creased fusions of the sutures and other evidence of ad-
vanced ossification, including ossification of the middle
phalanges and calcaneus, extra structures (including ex-
tra well-formed lumbar ribs), and rudimentary thoracic
ribs. The overall litter incidence of all skeletal variations
was significantly increased at all doses (Table 5). The over-
all fetal incidence of all skeletal variations was signifi-
cantly increased at 1250 and 2500 mg/kg only. Although
not statistically significant, ossification retardations were
elevated at all pregabalin doses compared with controls;
this was likely due to an increased incidence of unossi-
fied ventral tubercle of the atlas, although this was within
historical control levels at 500 and 1250 mg/kg, and only
slightly outside of historical controls at 2500 mg/kg.

Replicate Embryo-Fetal Development Study
(EFD2)

Maternal. In this study, the observed maternal tox-
icity, characterized by clinical signs (alopecia, saliva-
tion, urine staining, vaginal discharge, and chromodacry-
orrhea) and reduced body weight gain, was compara-
ble with Study EFD1. There were no treatment-related
deaths, nor were there apparent treatment-related gross
pathological changes. No treatment-related effects were
observed on numbers of corpora lutea, litter size, pre- and
postimplantation losses, or on fetal sex ratio (Pfizer, un-
published data).

Fetal. No treatment-related external head or skull
bone malformations were observed (Table 6). The fetal
incidence of jugal fused to maxilla was increased eight-
and 15-fold relative to vehicle-treated controls at 1250
and 2500 mg/kg doses, respectively. A treatment-related
increase in fetuses with fusion of the nasal suture oc-
curred at 2500 mg/kg. There were no histopathological
abnormalities detected in the zygomatic arch from the
high-dose, untreated, and vehicle control animals exam-
ined (Pfizer, unpublished data). Microscopic evaluation
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Table 3
Summary of Reproductive and Litter Data from Pregnant Rats in Study EFD1

Vehicle/control Pregabalin dose (mg/kg/day)

Parameter 0 500 1250 2500
Total mated females, n 20 20 20 20
Total pregnant females, 1 20 18 19 18
Total females with viable fetuses, n® 19 18 18 18
Total delivered early, n 1 0 1 0
No. of corpora lutea, mean + SE 16.8 +1.09 169 +£0.42 16.1 +£0.51 17.2 +£0.39
No. of implantation sites, mean + SE 14.6 +£0.93 15.0 £ 0.79 15.3 £ 0.60 16.0 = 0.49
No. of resorptions, mean + SE 0.9 £0.35 1.440.35 1.24+0.32 1.5+ 0.35
No. live fetuses per litter, mean & SE 13.6 +£1.00 13.6 +£0.83 14.2 +£0.69 145+ 0.52
No. of dead fetuses per litter, mean + SE 0 0 0 0
Preimplantation loss, %" 11.3 11.7 47 6.8
Postimplantation loss, %° 6.7 10.3 7.8 9.2
Sex ratio, % male 60.4 49.7 48.0 534
Fetal body weight (g), mean 4 SE

Males 53+0.13 544011 53+0.14 494014

Females 51+0.14 5.0+0.12 51+0.15 46+0.11
Placenta weight (g), mean 4 SE 0.52 + 0.05 0.51 £0.02 0.53 £0.02 0.50 £ 0.02

aExcludes litters delivered on GD 21.

PPreimplantation loss per litter = [(corpora lutea — implantation sites)/corpora lutea] x 100.
‘Postimplantation loss per litter = [(implantation sites — viable fetuses)/implantation sites] x 100.

*p < 0.05, different from vehicle control for trend test.

EFD1, embryo-fetal development study (initial); GD, gestation day; SE, standard error.

did not further characterize the degree of skull bone fu-
sions due to the variability in sectioning, and the fibrous
nature of the joint. However, there were no visible abnor-
malities.

Perinatal Skull Development Study

Maternal. Because all animals were treated during
the same gestation period, results were combined for all
control groups and all pregabalin-treated groups. The ma-
ternal clinical signs of toxicity and reduced body weight
gain observed in this study were similar to the find-
ings from Studies EFD1 and EFD2. A decrease in the
number of females with live litters was observed in the
pregabalin-treated groups scheduled for euthanasia on
PMD 24, 25, and 26 (Table 7). The day of birth (PND
0) ranged from PMD 22-24, with the majority (approx-
imately 80%) of females delivering on PMD 22. Most
females euthanized early were euthanized after giving
birth, with the exception of one pregabalin-treated fe-
male that was euthanized on PMD 23 due to dystocia and
seven additional pregabalin-treated females that were eu-
thanized on PMD 22-24 because their litters were dead or
cannibalized.

Offspring. Survival results were combined for all
control groups and all pregabalin-treated groups. Mortal-
ity, cannibalization, and the number of missing offspring
(presumed cannibalized) for PMD 22-26 was two-, three-,
and sevenfold higher, respectively, than control at 2500
mg/kg, including the complete loss of 10 litters with the
majority of deaths having occurred on PMD 22-24 (Ta-
ble 7). This resulted in a low number of litters available
for evaluation in the 2500 mg/kg groups on PMD 25
and 26 (five and six litters, respectively). Clinical find-
ings were low in incidence or occurred in the control and

pregabalin-treated groups, and were therefore considered
incidental. Mean terminal body weights were consistently
lower for both male and female offspring from the 2500
mg/kg groups, ranging from 7-20% less than the control
group mean.

Jugal fused to maxilla and fusion of the nasal sutures
was not complete in all of the offspring on PMD 26 in
either the vehicle control or pregabalin-treated group.
The mean percentage of offspring per litter with jugal
fused to maxilla was statistically significantly higher in
the pregabalin-treated groups than in the control groups
on PMD 20-25 (p < 0.05; Table 8). The mean percentage
of offspring per litter with fusion of the nasal sutures was
statistically significantly higher in the pregabalin-treated
groups than in the control groups on PMD 21, 22, and 23
(p < 0.05; Table 8).

Postnatal Skull Development Study

Maternal. Four females were euthanized before
scheduled euthanasia (two in the control group due to
poor clinical condition and two in the 2500 mg/kg dose
group due to moribundity). Drug-related clinical signs
in surviving females were similar to those observed in
the previous study. During the overall treatment and
posttreatment gestation periods, body weight gain of the
pregabalin-treated females was 33 and 67% less than the
control group mean, respectively.

Offspring. The number of offspring/litter that were
dead (23/9), cannibalized (4/3), and missing (27/11)
occurred at a higher incidence in the 2500 mg/kg dose
group compared with the control group, although suffi-
cient offspring (n = 214) and litters (1 = 19) remained in
this group for further evaluation. Two malformed con-
trol offspring and one malformed offspring in the 2500
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Table 4
External and Visceral Malformations and Variations in Study EFD1

Pregabalin dose (mg/kg/day)

Parameter Vehicle/control 500 1250 2500
No. of fetuses/litters examined 274/20 244 /18 270/19 261/18
No. of fetuses/litters with malformations 3/3 1/1 2/2 3/2
No. of fetuses/litters with variations 1/1 1/1 1/1 3/3
Percentage affected® Fetuses Litters Fetuses Litters Fetuses Litters Fetuses Litters
Malformations 1.1 15.0 04 5.6 0.7 10.5 1.1 11.1
Anal - atresia 0 0 0.4 5.6 0.4 5.3 0 0
Face - shorter than normal 04 5.0 0 0 0 0 0 0
Head
Encephalocele 0 0 0 0 0 0 0.8 5.6
Exencephaly 0 0 0 0 04 5.3 0 0
Lower jaw — micrognathia 0.4 5.0 0 0 0 0 0 0
Fore and hind limbs — micromelia 0.4 5.0 0 0 0 0 0 0
Liver
Fused lobes 0.4 5.0 0 0 0 0 0 0
Omphalocele 0 0 0 0 0 0 04 5.6
Tail - thread-like 0 0 04 5.6 0.4 5.3 0 0
Variations 04 5.0 0.4 5.6 0.4 5.3 1.1 16.7
Head — hematoma 0 0 0 0 0.4 5.3 0 0
Kidney
Dilated pelvis 0 0 0.4 5.6 0 0 0.4 5.6
Reduced papilla and dilated pelvis 0.4 5.0 0 0 0 0 0 0
Liver — discoloration 0 0 0 0 0 0 0.8 11.1
Ureter — dilated 0.4 5.0 0 0 0 0 04 5.6

2Fetuses may be included in > 1 category.

EFD1, embryo-fetal development study (initial); SE, standard error.

mg/kg dose group were euthanized on the day of birth.
Malocclusion and an asymmetrically shaped head were
observed clinically in one 2500 mg/kg offspring on PND
19-21. External examination confirmed these findings,
which correlated with skeletal variations of misshapen
left frontal and parietal bones (Table 10). The jugal bone
and maxilla bones were fused bilaterally and the nasal
bones were unfused in this animal. Clinical signs of dys-
pnea, hypoactivity, and/or discoloration occurred before
death in some offspring. Dyspnea was observed in two
offspring on PND 0 that died on PND 3. Dyspnea was
not observed in the offspring with fused nasal sutures.
Misshapen nasal turbinates were also not observed in any
offspring. Unscheduled deaths in the 2500 mg/kg group
occurred predominately on PND 0-1, and no deaths
occurred after PND 4. On PND 0, 4, 7, 14, and 21, body
weights of offspring in the 2500 mg/kg dose group were
8,12, 12, 8, and 6% less than offspring from the control
group, respectively. Overall body weight gain (PND 0-21)
of offspring in the 2500 mg/kg group was 6% less than the
control group (Table 9).

The offspring incidence of bilateral fusion of the jugal
bone and maxilla on PND 21 was 98.9 and 93.1% in the
control and 2500 mg/kg groups, respectively. One of the
two control litters and all three litters at the 2500 mg/kg
dose with offspring with unilateral or bilateral sutures
open had been over-processed, resulting in deterioration
of the specimens, and therefore, it is likely that the open
jugal sutures are an artifact (Table 10). The offspring inci-
dence of fusion of the nasal suture was 1.1 and 4.1% in the
control and 2500 mg/kg groups, respectively. No other
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remarkable findings were observed at skeletal examina-
tion on PND 21.

DISCUSSION

Pregabalin was demonstrated to be developmentally
toxic in an embryo-fetal development study in rats given
500, 1250, and 2500 mg/kg/day. Developmental toxic-
ity was characterized by reduced fetal body weight at
the high dose, and overall increased litter incidence of
skeletal variations (mainly advanced ossification) at all
doses. However, at the low dose (500 mg/kg/day), in-
dividual skeletal variations were below historical con-
trol values. The low dose was associated with a
maternal plasma exposure (AUCy ;) approximately 17-
times the expected human exposure (123 pgeh/ml) at
the maximum recommended clinical dose of 600 mg/day
(Pfizer, 2013). Based on the reclassification of advanced
skull bone fusions as anatomic variations, rather than
malformations, pregabalin was shown not to be terato-
genic when administered to female Wistar rats on GD 6—
17 at the highest dose tested, 2500 mg/kg/day, in four de-
velopmental toxicity studies. The 2500 mg/kg dose was
associated with a maternal plasma exposure (AUC 4)
approximately 77-times the expected human exposure at
the maximum recommended dose.

In the initial embryo-fetal development study (EFD1),
increased incidences of jugal fused to maxilla, and fusion
of the nasal sutures were observed in fetuses from fe-
male Wistar rats treated with 1250 and 2500 mg/kg, and
with 2500 mg/kg, respectively, compared with controls.



102

MORSE ET AL.

Table 5
Skeletal Malformations and Variations in Study EFD1

Pregabalin dose (mg/kg/day) (No. of fetuses/litters)

Parameter Vehicle/control 500 1250 2500
No. of fetuses/litters examined 180/19 168/18 174/18 181/18
No. of fetuses/litters with malformations 8/6 0/0 2/2 0/0
No. of fetuses/litters with variations 55/16 74/18 101/18 109/18
No. of fetuses/litters with retardations 45/11 45/14 54/16 57/15
Percentage affected® Fetuses  Litters  Fetuses  Litters  Fetuses  Litters  Fetuses  Litters
Malformations 44 31.6 0 0 1.1 11.1 0 0
Fore and hind limbs - bent 0.6 5.3 0 0 0 0 0 0
Pectoral girdle — bent 0.6 53 0 0 0 0 0 0
Pelvic girdle — bent 0.6 53 0 0 0 0 0 0
Ribs - fused 0.6 5.3 0 0 0 0 0 0
Skull
Agenesis 0 0 0 0 0.6 5.6 0 0
Malformed bone(s) 1.1 10.5 0 0 0.6 5.6 0 0
Sternum
Fused sternebrae/costal cartilage 0.6 53 0 0 0 0 0 0
Malformed (sternoschisis) 0.6 5.3 0 0 0 0 0 0
Vertebral column
Agenesis sacral vertebrae 0 0 0 0 0.6 5.6 0 0
Fusion of thoracic arches 0.6 5.3 0 0 0 0 0 0
Malformed 1.1 10.5 0 0 0.6 5.6 0 0
One less presacral vertebra 1.7 10.5 0 0 0 0 0 0
Skeletal variations 30.6 84.2 44.0 100" 58.0° 100 60.2" 100"
Digits — middle phalanges ossified 0 0 0.6 5.6 8.0 16.7 14.4 33.3
Limbs — calcaneus ossified 15.6 26.3 16.1 444 29.9 50.0 23.2 33.3
Ribs
Wavy 2.2 15.8 4.8 16.7 7.5 33.3 2.8 16.7
Extra well-formed lumbar ribs 0 0 1.8 16.7 2.3 11.1 6.1 38.9
Rudimentary cervical rib 0 0 42 11.1 3.4 222 2.2 22.2
Rudimentary thoracic rib 11.7 52.6 22.0 72.2 23.6 88.9 34.3 88.9
Skull
Jugal bone fused to maxilla 1.7 10.5 0.6 5.6 5.7 22.2 9.9 55.6
Nasal bones fused 0 0 0 0 0 0 55 222
Sternum — asymmetric form 1.1 10.5 3.0 27.8 1.1 11.1 3.9 2.8
Vertebral column — extra presacral vertebrae 0 0 0.6 5.6 0 0 0 0
Ossification retardations 25.0 57.9 26.8 77.8 31.0 88.9 31.5 83.3
Ribs — hypoplastic 0.6 53 0 0 0 0 0 0
Skull
Unossified hyoid bone 17 10.5 0 0 0 0 0 0
Hypoplastic 6.7 421 1.8 111 34 16.7 0.6 5.6
Vertebral column
Bifid thoracic centra 0.6 5.3 0 0 0.6 5.6 0.6 5.6
Concave/convex thoracic centra 22 15.8 0.6 5.6 1.1 11.1 0.6 5.6
Figure-8-shaped thoracic centra 0 0 0.6 5.6 0 0 0.6 5.6
Hypoplastic thoracic, lumbar centra 0.6 53 0 0 0 0 0 0
Unossified ventral tubercle of the atlas 17.8 47.4 25.0 77.8 27.0 83.3 30.4 83.3
Unossified thoracic centrum 0.6 5.3 0 0 0 0 0 0
Thoracic vertebrae misaligned 0.6 53 0 0 0 0 0 0
Sacral centrum bifid 0 0 0 0 0.6 5.6 0 0

2Fetuses may be included in > 1 category; statistical comparisons for treated versus vehicle control.

*p < 0.05 for trend test, one-tailed.
EFD1, embryo-fetal development study (initial).

Using laboratory-set evaluation criteria, these alterations
in skull development were initially classified as malfor-
mations and occurred in the presence of maternal toxicity
and developmental toxicity.

Three subsequent investigative studies in pregnant
Wistar rats treated with pregabalin during organogene-
sis were conducted to further characterize the skull mor-
phological changes and the subsequent impact on devel-

opment. Study EFD2, conducted to evaluate the repro-
ducibility of the skull bone findings and further charac-
terize the skull morphological changes, replicated the in-
creased incidence of jugal fused to maxilla at the 1250 and
2500 mg/kg doses, and of the nasal suture at the 2500
mg/kg dose, and also demonstrated no visible abnor-
malities in the region of the zygomaticomaxillary suture
via light microscopy. In the perinatal skull development
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Table 6
Summary of Rat Head External and Skull Findings in Study EFD2
Control Pregabalin dose (mg/kg/day)
Parameter Untreated Vehicle 50 100 250 500 1250 2500
Fetuses
External findings
No. of fetuses examined, n 333 303 307 334 298 303 324 287
Total with malformations (%) 0 0.3 0 0 0 0 0 0.3
Total with variations (%) 0 0 0 0.9 0 0 0 0
Skeletal findings
No. of fetuses examined, n 170 157 158 173 154 158 168 149
Total with malformations (%) 0 0 0 0 0 0 0 0.72
Total with variations (%) 24 1.3 5.7 1.7 2.6 32 10.7 24.8
Jugal bone fused to maxilla (%) 24 1.3 44 1.7 2.6 3.2 10.1 19.5
Bilateral (%) 0 0.6 0.6 0.6 0 0 3.6 6.0
Right (%) 24 0.6 32 1.2 1.3 1.3 3.0 4.7
Left (%) 0 0 0.6 0 1.3 1.9 3.6 8.7
Nasal bones fused (%) 0 0 1.9 0 1.3 0 0.6 10.7
Total with ossification retardations (%) 4.1 12.7 8.2 6.4 8.4 5.1 3.0 4.0
Litters
External findings
No. of litters examined, n 24 23 23 25 23 23 24 23
Total with malformations (%) 0 4.3 0 0 0 0 0 43
Total with variations (%) 0 0 0 12.0 0 0 0 0
Skeletal findings
No. of litters examined, n 24 23 23 25 23 23 24 23
Total with malformations (%) 0 0 0 0 0 0 0 432
Total with variations (%) 12.5 8.7 174 8.0 17.4 174 54.2 60.9
Jugal bone fused to maxilla (%) 12.5 8.7 17.4 8.0 174 174 50.0 52.2
Bilateral (%) 0 43 43 4.0 0 0 25.0 26.1
Right (%) 12.5 43 13.0 8.0 8.7 8.7 16.7 21.7
Left (%) 0 0 43 0 8.7 13.0 25.0 26.1
Nasal bones fused (%) 0 0 43 0 8.7 0 42 30.4
Total with ossification retardations (%) 25 60.9 21.7 20.0 26.1 26.1 16.7 17.4

2A single incidence of malformed/fused mandible.
EFD2, embryo-fetal development study (replicate).

study, conducted to assess the progression of skull devel-
opment and the potential impact of prenatal pregabalin
exposure, jugal fused to maxilla, and fusion of the nasal
sutures was not complete in all of the offspring by PMD 26
in either the control or pregabalin-treated groups. How-
ever, treatment of females with pregabalin 2500 mg/kg,
from GD 6-17, resulted in an increased incidence of ju-
gal fused to maxilla and fusion of the nasal sutures based
on periodic assessment from PMD 19-26. In the postna-
tal skull development study, conducted to assess the per-
sistence of pregabalin-induced skull bone effects and the
potential impact on postnatal health and clinical signs, no
malformations of the skull, and in particular, of the orbital
and nasal bones, were observed in 21-day-old offspring.
In addition, no drug-related difference was observed in
the incidence of jugal fused to maxilla. Malocclusion and
an asymmetrically shaped head were observed clinically
in one 2500 mg/kg offspring on PND 19-21. While the
left parietal and frontal bones of this animal were mis-
shapen, the zygomaticomaxillary suture was closed bilat-
erally. Given the high incidence of the closure of zygo-
maticomaxillary suture at 2500 mg/kg, it is unlikely that
this would result in just one animal with misshapen cra-
nial bones. If premature fusion had occurred, it did not
adversely affect the morphological development of the
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offspring. Similarly, the fusion of nasal sutures in a small
percentage of control and pregabalin-treated animals had
no effect on normal skull development, since this fusion
was not associated with any malformation. The combined
morphologic data from these studies support the classifi-
cation of increased incidence of jugal fused to maxilla, and
fusion of the nasal sutures, as anatomic variations, rather
than malformations.

Additional manifestations of developmental toxicity,
including mortality, clinical signs, and growth reduction,
were considered in the overall evaluation of pregabalin-
induced morphologic changes. In Study EFD1, lower fetal
body weights occurred at 2500 mg/kg. However, despite
the treatment-related effect on intrauterine growth, there
appeared to be no effect on intrauterine survival. In con-
trast, postnatal survival was lower at 2500 mg/kg com-
pared with the control groups in the perinatal and post-
natal skull development studies. In the perinatal study,
seven litters had no live offspring and one female was
moribund at delivery due to dystocia. The majority of off-
spring deaths within litters occurred on PMD 22-24, gen-
erally on the day of birth. Only a few offspring in this
study had clinical signs (hypoactive, cool to touch), and
these animals did not have fused sutures. No clinical signs
or deaths occurred in any group on PMD 25 or 26. In the
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Table 7
Summary of Maternal Reproductive Parameters and Offspring Death in the Perinatal Skull Development Study

Cohort by scheduled euthanasia day (PMD)?

PMD 19 20
No. of animals, n 10 20

21 22 23 24 25 26
20 20 20 10 10 10

Maternal reproductive parameters

Vehicle control group, n

Gravid 9 20
Moribund 0 0
Animals with no live offspring 0 0
Viable litters at scheduled termination 9 20
Pregabalin 2500 mg/kg group, n
Gravid 10 20
Moribund 0 0
Animals with no live offspring 0 0
Viable litters at scheduled termination 10 20

19 20 20 10 10 10
0 0 0 0 0 0
0 1 0 0 0
19 19 20 10 10 10
20 20 20 10 10 10
0 0 0 0 1 0
0 0 0 2 4 4
20 20 20 8 5 6

Offspring mortality and clinical observations

Vehicle control group, n
Hypoactive — —
Dead, cannibalized — —
Missing — —
Cool to touch — —
Pregabalin 2500 mg/kg group, n
Hypoactive — —
Dead, cannibalized — —
Missing — —
Cool to touch — —
Skin discolored — —
Bruising base of tail — —

- 3 _ — _ —
— 8 9 1 — —
— — 3 1 _ —
— 1 _ — _ —
— — 1 — _ _
— 11 18 16 — —
— 1 18 8 1 —
— — 1 — — —
— — 1 — _ _
— 1 _ — _ _

2PMD 19 corresponds to GD 19. Natural delivery of litters (°PND 0) occurs on approximately PMD 22.

— Finding not observed.
GD, gestation day; PMD, postmating day; PND, postnatal day.

postnatal study, offspring deaths in the pregabalin-treated
group occurred predominately on the day of birth or
PND 1.

A pre- and postnatal development (PPND) study
was also conducted with pregabalin (Pfizer, unpublished
data). Although detailed results of this study are not re-
ported herein, a few points are salient to the current dis-
cussion. In this study, pregabalin (dose range 50-2500
mg/kg/day) was administered by oral gavage to female
Wistar rats from implantation (GD 6) through weaning
of their offspring (PND 20). Consistent with the perinatal
and postnatal studies, offspring survival was greatly re-
duced at 2500 mg/kg, as well as at 1250 mg/kg, with the
majority of postnatal deaths occurring at birth or shortly
thereafter. Total litter death occurred at 2500 mg/kg by
PND 3. Early postnatal mortality in these studies may
have resulted from direct toxicity due to pregabalin ex-
posure in utero or via the milk. Plasma pregabalin TK pa-
rameters increased with dose, but were less than dose pro-
portional over the entire dose range. Pregabalin milk con-
centrations ranged from 0.7-1.6-times the plasma prega-
balin concentrations at 4 h post-dose. However, it should
be noted that offspring mortality was not a likely outcome
of advanced jugal fused to maxilla or of the nasal bones,
based on the lack of clinical signs associated with facial
dysmorphogenesis in offspring that died (Pfizer, unpub-
lished data).

Maternal toxicity may have contributed to the neona-
tal mortality following gestational administration of pre-
gabalin. Maternal mortality, clinical signs related to cen-
tral nervous system disruption, and reduced body weight
gain, were evident in all studies described herein, includ-
ing the two in which observation was continued into the
postnatal period. Several females in the perinatal study
had dead litters. Three of these females lost weight (up
to 49.7 g) and had body weight gain below their over-
all pregabalin group means during the posttreatment pe-
riod of GD 18-21 (7.4-83% of the mean; data not shown).
Although some of these females also had reduced body
weight gain relative to their overall group mean during
the treatment period, the greater difference occurred dur-
ing the late gestation period. In contrast, for the PPND
study, although abnormal maternal care was noted at 2500
mg/kg, and dystocia, hypoactivity, and urine staining
were observed at 1250 and 2500 mg/kg (Pfizer, unpub-
lished data), no correlations were apparent between litter
death and maternal clinical signs. Litters died whether fe-
males were hypoactive around the time of parturition or
not, and although three females at 2500 mg/kg were not
nesting or nursing, the majority of females in this group
displayed normal maternal care on the day of parturition,
but still had total litter death. The potential role of ma-
ternal toxicity in increasing the incidence of jugal fused
to maxilla and fusion of the nasal bones is unknown,
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Table 8
Summary of Offspring Skull Findings in the Perinatal Skull Development Study
Vehicle/control Pregabalin 2500 mg/kg
Litter Incidence® Litter Incidence®
percentage, percentage,
PMD? mean + SEP Fetal /pup Litter mean + SEP Fetal /pup Litter
Jugal fused to maxilla
19 0.85 +0.85 1/123 1/9 2.02 + 1.36 2/118 2/10
20 1.20 &+ 0.66 3/255 3/20 8.75 + 2.68 19/244 10/20
21 0.84 +0.58 2/244 2/19 11.0 + 4.18 24/251 11/20
22 3.59 +1.31 9/273 7/19 15.7 + 4.32° 33/228 11/20
23 491 +£2.04 11/245 6/20 242 + 4.81 54/230 17/20
24 4.25 +2.00 6/133 4/10 16.4 + 594 17/95 5/8
25 8.56 +3.13 11/124 5/10 457 + 9.41° 28/63 5/5
26 7.04+244 9/131 6/10 319 + 15.1 18/65 4/6
Fusion of nasal sutures

19 0.85+0.85 1/123 1/9 245 + 1.70 3/118 2/10
20 0.00 £ 0.00 0/255 0/20 4.54 + 2.60 7/244 5/20
21 0.00 £ 0.00 0/243 0/19 10.8 + 2.76 26/251 14/20
22 0.71 £+ 0.50 2/272 2/19 104 + 4217 23/228 9/20
23 0.00 £ 0.00 0/245 0/20 943 + 344 19/230 8/20
24 0.77 £ 0.77 1/132 1/10 8.01 + 4.61 7/95 3/8
25 2.00 +2.00 2/124 1/10 10.1 + 3.33 6/63 4/5
26 1.58 +1.07 2/131 2/10 2.78 + 2.78 2/65 1/6

4PMD 19 corresponds to GD 19. Natural delivery of litters (PND 0) occurs on approximately PMD 22.
PMean + SE of the percentage of fetus/pup within each litter with the skull finding.
“‘Number of fetus/pup or litters affected per total number of fetus/pup or litters examined.

*Significantly different from vehicle control, p < 0.05.

GD, gestation day; PMD, postmating day; PND, postnatal day; SE, standard error.

although a thorough review of the scientific literature did
not reveal such an association.

The advanced skull bone fusions originally identi-
fied in Study EFD1 were compared with historical fetal
data from unpublished studies conducted in Wistar rats
to additionally support the conclusion that they fail to
meet the three criteria for classification as malformations:
(1) gross structural changes, (2) may be incompatible
with life, and (3) are generally rare in occurrence. First,
the fusions represent the early closure of the zygomati-
comaxillary suture and nasal suture, which is a subtle
structural difference and not a gross structural change.
In the PPND study in Wistar rats described previously
(Pfizer, unpublished data), no abnormalities of the face
or head were observed in neonates or in animals that
survived to adulthood, nor was facial dysmorphogene-
sis noted in the offspring that died in studies in which
postnatal observation occurred. Second, the early fusion
of the sutures is not incompatible with life. As mentioned
previously, offspring mortality was potentially due to a
combination of direct toxicity and maternal toxicity, in
addition to the fact that no facial anomalies were ob-
served in offspring that died. There was also a high in-
cidence of jugal fused to maxilla on approximately PND
5, and there were no deaths in the postnatal study from
PND 4-21. Fusion of the nasal bones did not result in
changes of the nasal turbinates. Third, the incidence of ju-
gal fused to maxilla was observed in historical controls
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and is not a rare occurrence in the Wistar rat fetus. Fetal
data from nine unpublished studies conducted in Wistar
rats (Supporting Information Table S1) reviewed along-
side Study EFD1 showed the jugal fused to maxilla, gen-
erally unilateral in occurrence, had a variable intrastudy
background incidence, with an overall incidence of ap-
proximately 0.6% on GD 21 (9/1528 fetuses). Huntingdon
Life Sciences (Suffolk, UK) indicated a single incidence of
jugal fused to maxilla recorded as “increased/precocious
ossification” in control animals on GD 20 in three studies
during 2014-2015 in Wistar rats (1.6%) and 0 in 15 stud-
ies in Sprague Dawley CD rats during the same period
(D. Coulby, personal communication, 2015). Fusion of the
nasal bones was not observed in any of the subsequent
teratology studies in the Pfizer historical database at Ann
Arbor laboratories.

Lorke (Lorke, 1977) proposed more specific criteria for
skeletal malformations, rated as: (1) absence of impor-
tant bones, parts of bone, or parts of the bony system;
(2) distinct bendings, shortenings, or cracks of bones or
bony systems; (3) markedly asymmetric structure of nor-
mally symmetric bones or ossification centers; (4) fusion
of bones which in healthy animals are distinctly separate;
and (5) bone clefts. Of particular interest is criterion 4,
because in the case with pregabalin, all fusions were of
bones that are normally fused in adult animals.

The impact of premature fusion of the jugal to max-
illa on the growth of the nasomaxillary complex has
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Table 9
Offspring Body Weight and Weight Change in the
Postnatal Skull Development Study

Pregabalin
Vehicle/control 2500 mg/kg/day
Mean + SE
Body weight (g)
PND 0 6.14 + 0.03 5.63 + 0.13
PND 4 10.45 + 0.07 9.18 £+ 0.12
PND 7 15.25 + 0.11 13.46 £ 0.18
PND 14 28.93 + 0.18 26.60 + 0.29
PND 21 48.21 + 0.34 45.14 + 046
Body weight change (g)
PND 0-21 42.06 £+ 0.30 39.36 + 0.43

PND, postnatal day; SE, standard error.

been previously studied in 2-week-old guinea pigs in
which unilateral premature fusion of the zygomaticomax-
illary suture was produced by immobilization with an
adhesive. No gross anatomic asymmetry of the facial com-
plex as a whole was observed, which was attributed to pe-
riosteal bone deposition in the maxilla on the fused side
and periosteal bone resorption in corresponding areas on
the nonfused side. These compensatory changes served
to offset any developmental asymmetry that might have
occurred (Thimaporn et al., 1990). Interestingly, of the an-
imals that survived the operation, there was no effect on
postoperative weight gain.

Other skeletal variations, such as bent long limb bones,
bent scapula, and wavy ribs, have been shown to re-
solve in the postnatal period (Kimmel et al., 2014). In a
longitudinal micro-computed tomography study of bent
long bones in Wistar rat offspring at PND 0, 7, 21,
and 80, a complete recovery of bent long bones, includ-
ing the scapula, was observed within the first 3 weeks

(De Schaepdrijver et al., 2014). In a pilot longitudinal in-
vestigation in Han Wistar rats, an increased incidence of
bent long bones and scapula observed on GD 20 was no
longer present on PND 21 (Mitchard and Stewart, 2014).
In rat teratogenicity studies, prenatal exposure to aspirin
doubled the incidence of lumbar rudimentary ribs at birth
that declined to essentially zero by PND 60 (Wickrama-
ratne, 1988). In a pre- and postnatal skeletal developmen-
tal study in Sprague-Dawley rats, ethylene glycol (EC)
was administered during organogenesis to determine the
permanence of EC-induced skeletal variations and mal-
formations. The incidence of malformations (in particular
bipartite ossification sites of the thoracic centra) increased
through PND 21 but were greatly decreased or not evi-
dent by PND 63, suggesting that perinatal skeletal abnor-
malities may not always be permanent (Marr et al., 1992).
Further research into the mechanisms responsible for the
appearance of skeletal variations, as well as additional
longitudinal investigations into ontogeny and postnatal
resolution, would aid the interpretation of developmental
toxicity studies for human risk assessment.

Data reviewed in this paper, combined with a review of
the scientific literature and historical data, indicate that
while a dose-related increase in the incidence of skull
bone fusions occurred in fetuses from females treated
with pregabalin 1250 or 2500 mg/kg, these fusions repre-
sented advanced ossifications that were not incompatible
with life and did not result in facial dysmorphogenesis
based on evaluation of offspring. Advanced jugal fused
to maxilla and fusion of the nasal bones was reclassified
from malformations to variations, and therefore, prega-
balin was no longer considered teratogenic in rats. This is
consistent with findings from embryo-fetal development
studies that administered pregabalin once daily to albino
mice (up to 2500 mg/kg) and New Zealand White rab-
bits (up to 1250 mg/kg) during organogenesis, and are

Table 10
Incidence of External and Skeletal Variations on PND 21 in the Postnatal Skull Development Study

Vehicle/control Pregabalin 2500 mg/kg/day
External variations
No. of fetuses/litters examined 283/22 214/19
Misshapen head 0/0 1/12
Skeletal variations
No. of fetuses/litters examined 284/22 214/19
Left frontal skull misshapen 0/0 1/12
Left parietal misshapen 0/0 1/12
Jugal fused to maxilla
Suture closed, bilateral 281/22 197/19
Suture closed, unilateral 1/1b< 0/0d
Suture open, bilateral 1/1 0/0de
Suture open, unilateral 1/1¢ 0/0d
Fusion of nasal sutures
Suture closed 3/3 10/6
Suture open 281/22 204/19

2External findings in same offspring correspond with malocclusion and asymmetrically shaped head observed on PND 19-21.

bIncludes specimen damaged on one side, unable to evaluate.
“Excludes one specimen overprocessed.

dExcludes six specimens overprocessed.

¢Excludes 11 specimens overprocessed.

PND, postnatal day.
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presented in a companion paper (Morse, 2016). Under
the conditions of these studies, pregabalin was not terato-
genic in mice or rabbits.

In conclusion, pregabalin administration in the rat re-
sulted in developmental toxicity, including maternal tox-
icity, decreased fetal body weight, and increased skeletal
variations. There was no evidence of increased malforma-
tions related to pregabalin administration, and therefore,
it is not considered teratogenic in rats.
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