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Executive Summary

1.1 Introduction

Esteve submitted NDA 213426 for marketing approval of SEGLENTIS (Celecoxib and 
Tramadol, Tablets) for the management of acute pain in adults that is severe enough to 
require an opioid analgesic and for which alternative treatments are inadequate. This 
NDA was submitted through the 505(b)(2) regulatory pathway relying, in part, upon the 
FDA’s previous findings on the safety and effectiveness of the two listed drugs Ultram® 
and Celebrex®. The NDA for Ultram (tramadol HCl) tablets (NDA 20281) was approved 
March 3, 1995. The NDA for Celebrex (celecoxib) capsules (NDA 20998) was approved 
December 31, 1998. The product is a fixed-dose combination containing two active 
substances, racemic-tramadol HCl and celecoxib formulated as a co-crystal. 
SEGLENTIS is a 100 mg immediate release tablet containing 44 mg of racemic-
tramadol HCl and 56 mg of celecoxib as the active pharmaceutical ingredients (API). 
The maximum recommended human dose (MRHD) of Seglentis is two 100 mg tablets 
every 12 hours as needed resulting in 400 mg/day (i.e., 176 mg/day of racemic-
tramadol HCl and 224 mg/day of celecoxib). The maximum daily doses of tramadol and 
celecoxib at the MRHD of SEGLENTIS are within the referenced drugs.   

This NDA was originally submitted on May 15, 2019, and was not approved due to a 
single deficiency related to inadequate quality assessment stemming from unavailability 
of a manufacturing facility for inspection. However, from the nonclinical perspective, 
NDA 213426 was approvable with recommended labeling revisions and a post-
marketing requirement for a juvenile animal study. In addition, we included the following 
Additional Comment in the Complete Response letter dated June 15, 2020.

Although you have stated that you have conducted a literature search since the time of original 
approval of the referenced products to support PLLR labeling, described the search terms you 
employed, and concluded that there were no articles that further informed labeling, you did 
not identify the articles or provide an integrated synopsis to support your conclusion. A search 
of common databases identified several articles that should be reviewed and considered, 
including:

 Aboulhoda BE, Hassan SS. Effect of prenatal tramadol on postnatal cerebellar 
development: Role of oxidative stress. J Chem Neuroanat 2018.

 Abdellatief RB, Elgamal DA, Mohamed EEM. Effects of chronic tramadol administration 
on testicular tissue in rats: an experimental study. Andrologia 2015  

 Attia AM, Bakry OA, Yassin H, Sarhan N, Samaka R, Gamal N. Morphometric and 
ultrastructural analysis of tramadol effects on epididymis: an experimental study. 
Ultrastruct Pathol 2018 

 Ghoneim FM, Khalaf HA, Elsamanoudy AZ, Helaly AN. Effect of chronic usage of 
tramadol on motor cerebral cortex and testicular tissues of adult male albino rats and the 
effect of its withdrawal: histological, immunohistochemical and biochemical study. Int J 
Clin Exp Pathol 2014 
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 Winnall WR, Muir JA, Liew S, et al. Effects of chronic celecoxib on testicular function in 
normal and lipopolysaccharide-treated rats. International Journal of Andrology. 
32(5):542-55, 2009 Oct.

 Selmanoglu G, Kockaya EA, Akay MT, et al. Subacute toxicity of celecoxib on thyroid 
and testis of rats: Hormonal and histopathological changes. Environmental Toxicology & 
Pharmacology. 22(1):85-9, 2006 Jul.

 Olliges A., Wimmer S., Nusing R.M. Defects in mouse nephrogenesis induced by 
selective and non-selective cyclooxygenase-2 inhibitors. British Journal of 
Pharmacology. 163 (5) (pp 927-936), 2011. Date of Publication: July 2011.

 Nagano, A. Arioka, M. Takahashi-Yanaga, F. Matsuzaki, E. Sasaguri, T. Celecoxib 
Inhibits Osteoblast Maturation by Suppressing the Expression of Wnt Target Genes J 
Pharmacol Sci. 2017 Jan;133(1):18-24

With your resubmission, provide summaries of the published nonclinical literature, including 
those noted above, for tramadol or celecoxib that could potentially provide new information 
with regard to the impact on pregnancy, lactation, and female and male fertility, and discuss 
why such information should or should not be included in labeling. 

1.2 Brief Discussion of Nonclinical Findings
No new toxicology studies were submitted with this resubmission (2nd cycle). For the 
full review of studies submitted with the original NDA, refer to the first cycle nonclinical 
review in DARRTS dated June 6, 2020.

However, per the Division’s request as noted in the Complete Response letter, the 
Applicant provided a review and summary of available published literature regarding 
the potential effects of tramadol and celecoxib use on pregnancy, lactation and effects 
on female and male fertility and the articles were included with the resubmission to the 
NDA (SDN 27). The Applicant concluded that the nonclinical and/or clinical data from 
the published literature should not impact the the existing information in product 
labelling for SEGLENTIS (Celecoxib and Tramadol, Tablets). However, this review 
team recommends that the label include findings from a published article by 
Aboulhoda et al. (2018) that demonstrated that tramadol administration to pregnant 
rats from Gestation Day 10 to 21 caused cerebellar cortex structural abnormalities in 
rat pups examined postnatally at approximately 2.7 times the tramadol dose at the 
maximum recommended human dose (MRHD) of SEGLENTIS based on BSA 
comparison. Although the results are from a single study, there is supportive evidence 
that supports the conclusion that the findings in this model are likely real and therefore 
including language in the labeling is justified. In addition, the literature review identified 
multiple studies suggesting adverse effects on the male reproductive system 
consistent with and supportive of the current labeling. The Applicant appropriately 
included the recent safety labeling change (SLC) language for NSAIDs regarding risk 
for oligohydramnios from the celecoxib reference drug product label. 
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Based on the agreed initial Pediatric Study Plan (iPSP) on August 28, 2017, a juvenile 
animal toxicology study is planned to address potential CNS toxicity. The juvenile 
animal toxicology study will be performed concurrently with the planned efficacy, safety, 
and pharmacokinetic study in pediatric patients 12-17 years of age. This study may be 
completed post-approval.

1.3 Recommendations

1.3.1 Approvability
From the nonclinical perspective, NDA 213426 may be approved with the 
recommended labeling revisions and post-marketing requirement for a juvenile animal 
study. 

1.3.2 Additional Non-Clinical Recommendations
The following PMR is recommended. Refer to the action letter for final milestone dates.

Conduct a juvenile animal toxicology study to characterize the impact of 
SEGLENTIS (tramadol and celecoxib) tablets on brain development to support 
pediatric dosing in adolescent patients 12 to less than 17 years of age.

 Draft Protocol Submission: TBD 
 Final Protocol Submission: TBD
 Study Completion:  TBD
 Final Report Submission: TBD

1.3.3 Labeling
Table below summarizes this reviewer’s comments on the Sponsor’s proposed 
language and highlights specific issues that will need to be addressed. The final label 
will be based on further internal discussion and negotiations with the Applicant. Refer to 
the action letter for final labeling recommendations.

Applicant’s Proposed 
Labeling

Reviewer’s Recommended 
Labeling

Rationale for 
Reviewer’s recommendations

8.1 Pregnancy

Risk Summary

8.1 Pregnancy

Risk Summary
Based on animal data, advise 
pregnant women of the potential 
risk to fetus.

Prolonged use of opioid 
analgesics during pregnancy 
may cause neonatal opioid 
withdrawal syndrome (see 
Clinical Considerations)

We defer to the clinical and 
maternal health (MH) review 
teams regarding the clinically-
related labeling language. 

The MH team moved NSAID 
safety labeling change (SLC) 
language regarding risk for 
oligohydramios to this location, 
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In animal reproduction studies, 
tramadol administration during 
organogenesis decreased fetal 
weights and reduced ossification 
in mice, rats, and rabbits at 3.2, 
1.4, and 8.2 times the tramadol 
dose of 176 mg at the maximum 
recommended human daily 
dose (MRHD) of TRADENAME. 
In a pre- and post-natal 
development study, tramadol 
decreased pup body weight and 
increased pup mortality at 2.7 
and 4.3 times the MRHD, 
respectively [see Data].

in mice, rats, and rabbits at 3.2, 
1.4, and 8.2 times the tramadol 
dose of 176 mg at the maximum 
recommended human daily 
dosage (MRHD) of SEGLENTIS. 
In a pre- and post-natal 
development study, tramadol 
decreased pup body weight and 
increased pup mortality at 2.7 
and 4.3 times the MRHD, 
respectively.

In a published study, tramadol 
caused structural abnormalities 
in the brains of fetuses when 
administered to female Sprague 
Dawley rats from Gestation 
Days 10 to 21 at 2.7 times the 
MRHD [see Data]. 

studies with SEGLENTIS were 
conducted and described in the 
label. However, this review team 
believes language from the 
reference products should be 
included as the studies evaluate 
the full developmental battery of 
studies. They have 
appropropiately included this 
information with the 
resubmission.

Data Source: Aboulhoda and 
Hassan (2018)

Celecoxib 
Use of NSAIDs, including 
celecoxib, can cause premature 
closure of the fetal ductus 
arteriosus and fetal renal 
dysfunction leading to 
oligohydramnios and, in some 
cases, neonatal renal 
impairment. Because of these 
risks, limit dose and duration of 
TRADENAME use between 
about 20 and 30 weeks of 
gestation and avoid 
TRADENAME use at about 30 
weeks of gestation and later in 
pregnancy (see Clinical 
Considerations, Data). 

Premature Closure of Fetal 
Ductus Arteriosus 
Use of NSAIDs, including 
celecoxib, at about 30 weeks 
gestation or later in pregnancy 
increases the risk of premature 
closure of the fetal ductus 
arteriosus. 

Oligohydramnios/Neonatal 
Renal Impairment 
Use of NSAIDs at about 20 
weeks gestation or later in 
pregnancy may cause fetal renal 
dysfunction leading to 
oligohydramnios and, in some 
cases, neonatal renal 
impairment. 

Celecoxib 

Premature Closure of Fetal 
Ductus Arteriosus: 
Use of NSAIDs, including 
SEGLENTIS, at about 30 weeks 
gestation or later in pregnancy 
increases the risk of premature 
closure of the fetal ductus 
arteriosus. 

Oligohydramnios/Neonatal 
Renal Impairment:
Use of NSAIDs at about 20 
weeks gestation or later in 
pregnancy may cause fetal renal 
dysfunction leading to 
oligohydramnios and, in some 
cases, neonatal renal 
impairment. 

NSAID SLC language regarding 
oligohydramnios was moved up 
by the MH team. We defer to the 
MH and team regarding the 
clinical labeling labeling 
language. 

We defer to the MH and clinical 
team regarding the clinical 
labeling labeling language.
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general population, the 
estimated background risk of 
major birth defects and 
miscarriage in clinically 
recognized pregnancies is 2% to 
4% and 15% to 20%, 
respectively.

Animal Data
Treatment of pregnant rabbits 
during organogenesis with 
celecoxib and tramadol co-
crystal resulted in an increase in 
the incidence of scoliosis and 
other vertebral defects 
(including absent thoracic 
hemicentrum/a and neural 
arch(es) and fused thoracic 
vertebral centra and/or neural 
arch(es)) at an oral dose of 100 
mg/kg/day (56 mg celecoxib/44 
mg tramadol/kg/day; 
approximately 4.7 and 0.11 
times the MRHD on the basis of 
celecoxib and tramadol, 
respectively, on an AUC basis), 
which is a dose that also caused 
maternal toxicity (decreased 
body weight gain). In addition, 
there was a slight increase of 
post-implantation loss in rabbits 
at 100 mg/kg/day. The No 
Observed Adverse Effect Level 
(NOAEL) for embryofetal toxicity 
was 55 mg/kg/day 
(approximately 3.3 and 0.02 
times the MRHD of celecoxib 
and tramadol, respectively, on 
an AUC basis).

Tramadol
Tramadol has been shown to be 
embryotoxic and fetotoxic in 
mice, (120 mg/kg), rats (25 
mg/kg) and rabbits (75 mg/kg) at 
maternally toxic dosages, but 
was not teratogenic at these 
dose levels. These doses on a 
mg/m2 basis are 3.2, 1.4, and 
8.2 times the maximum 
recommended human daily 
dosage (MRHD) of tramadol 
(176 mg) for mouse, rat and 
rabbit, respectively. No drug-
related teratogenic effects were 

general population, the 
estimated background risk of 
major birth defects and 
miscarriage in clinically 
recognized pregnancies is 2% to 
4% and 15% to 20%, 
respectively.

Animal Data
Treatment of pregnant rabbits 
during organogenesis with 
celecoxib and tramadol co-
crystal resulted in an increase in 
the incidence of scoliosis and 
other vertebral defects 
(including absent thoracic 
hemicentrum/a and neural 
arch(es) and fused thoracic 
vertebral centra and/or neural 
arch(es)) at an oral dose of 100 
mg/kg/day (56 mg celecoxib/44 
mg tramadol/kg/day; 
approximately 4.7 and 0.11 
times the MRHD on the basis of 
celecoxib and tramadol, 
respectively, on an AUC  basis), 
which is a dose that also caused 
maternal toxicity (decreased 
body weight gain). In addition, 
there was a slight increase of 
post-implantation loss in rabbits 
at 100 mg/kg/day. The No 
Observed Adverse Effect Level 
(NOAEL) for embryofetal toxicity 
was 55 mg/kg/day 
(approximately 3.3 and 0.02 
times the MRHD of celecoxib 
and tramadol, respectively, on 
an AUC basis).

Tramadol
Tramadol has been shown to be 
embryotoxic and fetotoxic in 
mice, (120 mg/kg), rats (25 
mg/kg) and rabbits (75 mg/kg) at 
maternally toxic dosages, but 
was not teratogenic at these 
dose levels. These doses on a 
mg/m2 basis are 3.2, 1.4, and 
8.2 times the maximum 
recommended human daily 
dosage (MRHD) of tramadol 
(176 mg) for mouse, rat and 
rabbit, respectively. No drug-
related teratogenic effects were 

Data from Applicant-conducted 
embryofetal development study 
(Study report 83393/EST0004 - 
E-58425: Oral (Gavage) 
Embryo-Fetal Development 
Toxicity Study in the Rabbit)
.

Data from referenced product 
(Ultram) label with margins 
adjusted based on 176 mg 
tramadol at MRHD of 
SEGLENTIS.
All the margins are 
approximately 2.27 times higher 
than those in Ultram based on 
400 mg vs 176 mg MRHD. 
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observed in progeny of mice (up 
to 140 mg/kg), rats (up to 80 
mg/kg) or rabbits (up to 300 
mg/kg) treated with tramadol by 
various routes. Embryo and fetal 
toxicity consisted primarily of 
decreased fetal weights, 
decreased skeletal ossification 
and increased supernumerary 
ribs at maternally toxic dose 
levels. Transient delays in 
developmental or behavioral 
parameters were also seen in 
pups from rat dams allowed to 
deliver. Embryo and fetal 
lethality were reported only in 
one rabbit study at 300 mg/kg, a 
dose that would cause extreme 
maternal toxicity in the rabbit. 
The dosages listed for mouse, 
rat and rabbit are 3.9, 4.3, and 
33.1 times the MRHD of 
tramadol (176 mg), respectively. 

Tramadol was evaluated in pre-
and post-natal studies in rats. 
Progeny of dams receiving oral 
(gavage) dose levels of 50 
mg/kg (2.7 times the MRHD) or 
greater had decreased weights, 
and pup survival was decreased 
early in lactation at 80 mg/kg 
(4.3 times the MRHD of 
tramadol).

Celecoxib
Celecoxib at oral doses ≥150 
mg/kg/day (approximately 4 
times the level of celecoxib of 
224 mg at the maximum 
recommended human dose 
(MRHD) of TRADENAME based 
on AUC), caused an increased 
incidence of ventricular septal 
defects, a rare event, and fetal 

observed in progeny of mice (up 
to 140 mg/kg), rats (up to 80 
mg/kg) or rabbits (up to 300 
mg/kg) treated with tramadol by 
various routes. Embryo and fetal 
toxicity consisted primarily of 
decreased fetal weights, 
decreased skeletal ossification 
and increased supernumerary 
ribs at maternally toxic dose 
levels. Transient delays in 
developmental or behavioral 
parameters were also seen in 
pups from rat dams allowed to 
deliver. Embryo and fetal 
lethality were reported only in 
one rabbit study at 300 mg/kg, a 
dose that would cause extreme 
maternal toxicity in the rabbit. 
The dosages listed for mouse, 
rat and rabbit are 3.9, 4.3, and 
33 times the MRHD of tramadol 
(176 mg), respectively, on a 
mg/m2 basis. 

Tramadol was evaluated in pre-
and post-natal studies in rats. 
Progeny of dams receiving oral 
(gavage) dose levels of 50 
mg/kg (2.77 times the MRHD of 
tramadol on a mg/m2 basis) or 
greater had decreased weights, 
and pup survival was decreased 
early in lactation at 80 mg/kg 
(4.3 times the MRHD of 
tramadol on a mg/m2 basis).

In a published study, oral 
administration of 50 mg/kg 
tramadol (2.7 times the MRHD 
of tramadol on a mg/m2 basis) to 
pregnant female rats from 
Gestation Days 10 to 21 caused 
structural abnormalities in the 
brains of the offspring.

Celecoxib
Celecoxib at oral doses ≥150 
mg/kg/day (approximately 4 
times the level of celecoxib of 
224 mg at the maximum 
recommended human dose 
(MRHD) of SEGLENTIS based 
on AUC), caused an increased 
incidence of ventricular septal 
defects, a rare event, and fetal 

Exposure margins of 33.1 based 
on 300 mg/kg ÷ 3.1 x 60 kg ÷ 
176 mg (MRHD) = 33

Data Source:  Aboulhoda et al. 
(2018)

In the referenced drug label for 
Celebrex, exposure margins are 
based on AUC comparison. To 
maintain exposure margins 
based on AUC comparison for 
this label, we have adjusted the 
exposure margins noted in the 
Celebrex label by multiplying by 
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alterations, such as ribs fused, 
sternebrae fused and 
sternebrae misshapen when 
rabbits were treated throughout 
organogenesis. A dose-
dependent increase in 
diaphragmatic hernias was 
observed when rats were given 
celecoxib at oral doses ≥30 
mg/kg/day (approximately 13 
times the MRHD based on AUC) 
throughout organogenesis. In 
rats, exposure to celecoxib 
during early embryonic 
development resulted in pre-
implantation and post-
implantation losses at oral 
doses ≥50 mg/kg/day 
(approximately 13 times the 
MRHD based on AUC). 

Celecoxib produced no 
evidence of delayed labor or 
parturition at oral doses up to 
100 mg/kg in rats 
(approximately 15 times the 
MRHD based on AUC).

alterations, such as ribs fused, 
sternebrae fused and 
sternebrae misshapen when 
rabbits were treated throughout 
organogenesis. A dose-
dependent increase in 
diaphragmatic hernias was 
observed when rats were given 
celecoxib at oral doses ≥30 
mg/kg/day (approximately 13 
times the MRHD based on AUC) 
throughout organogenesis. In 
rats, exposure to celecoxib 
during early embryonic 
development resulted in pre-
implantation and post-
implantation losses at oral 
doses ≥50 mg/kg/day 
(approximately 13 times the 
MRHD based on AUC). 

Celecoxib produced no 
evidence of delayed labor or 
parturition at oral doses up to 
100 mg/kg in rats 
(approximately 15 times the 
MRHD based on AUC).

2.2, which represents the 
human exposure ratio between 
the reference product (AUC of 
13.45 mcg·h/mL for MRHD of 
400 mg) and this product (AUC 
of 6.2 mcg·h/mL for MRHD of 
224 mg) based on data from 
clinical bioavailability study 
(Study ESTEVE-SUSA-105)

8.3 Females and Males of 
Reproductive Potential
Infertility

Tramadol
Chronic use of opioids may 
cause reduced fertility in 
females and males of 
reproductive potential. It is not 
known whether these effects on 
fertility are reversible [see 
Adverse Reactions (6.2), 
Clinical Pharmacology (12.2)]. 

8.3 Females and Males of 
Reproductive Potential
Infertility

Tramadol
Chronic use of opioids may 
cause reduced fertility in 
females and males of 
reproductive potential. It is not 
known whether these effects on 
fertility are reversible. 
[see Adverse Reactions (6.2), 
Clinical Pharmacology (12.2)].

Published studies in adult male 
rodents report that tramadol, at 
clinically relevant doses, can 
produce adverse effects on 
male reproductive hormones 
and tissues [See Nonclinical 
Toxicology (13.1)]. 

Data Sources:  (Abdellatief RB 
et al., 2015;Ahmed MA and 
Kurkar A, 2014;Attia AM et al., 
2018)

Celecoxib 
Females 
Based on the mechanism of 
action, the use of prostaglandin-

Celecoxib 
Females 
Based on the mechanism of 
action, the use of prostaglandin- This is NSAID class labeling.
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mediated NSAIDs, including 
celecoxib, may delay or prevent 
rupture of ovarian follicles, 
which has been associated with 
reversible infertility in some 
women. Published animal 
studies have shown that 
administration of prostaglandin 
synthesis inhibitors has the 
potential to disrupt prostaglandin 
mediated follicular rupture 
required for ovulation. Small 
studies in women treated with 
NSAIDs have also shown a 
reversible delay in ovulation. 
Consider withdrawal of NSAIDs, 
including celecoxib, in women 
who have difficulties conceiving 
or who are undergoing 
investigation of infertility. 

mediated NSAIDs, including 
celecoxib, may delay or prevent 
rupture of ovarian follicles, 
which has been associated with 
reversible infertility in some 
women. Published animal 
studies have shown that 
administration of prostaglandin 
synthesis inhibitors has the 
potential to disrupt prostaglandin 
mediated follicular rupture 
required for ovulation. Small 
studies in women treated with 
NSAIDs have also shown a 
reversible delay in ovulation. 
Consider withdrawal of NSAIDs, 
including celecoxib, in women 
who have difficulties conceiving 
or who are undergoing 
investigation of infertility. 

12.1 Mechanism of Action

TRADENAME is a co-crystal 
that contains tramadol, an opioid 
agonist, and celecoxib, a 
nonsteroidal anti-inflammatory 
drug in a 1:1 molecular ratio. 

Tramadol

Although the mode of action of 
tramadol is not completely 
understood, the analgesic effect 
of tramadol is believed to be due 
to both binding to μ-opioid 
receptors and weak inhibition of 
reuptake of norepinephrine and 
serotonin. 

Opioid activity of tramadol is due 
to both low affinity binding of the 
parent compound and higher 
affinity binding of the O-
demethylated metabolite M1 to 
μ-opioid receptors. In animal 
models, M1 is up to 6 times 
more potent than tramadol in 
producing analgesia and 200 
times more potent in μ-opioid 
binding. Tramadol-induced 
analgesia is only partially 
antagonized by the opiate 

12.1 Mechanism of Action

TRADENAME is a co-crystal 
that contains tramadol, an opioid 
agonist and inhibitor of 
norepinephrine and serotonin 
re-uptake, and celecoxib, a 
nonsteroidal anti-inflammatory 
drug in a 1:1 molecular ratio. 

Tramadol
Although the mode of action of 
tramadol is not completely 
understood, the analgesic effect 
of tramadol is believed to be due 
to both binding to μ-opioid 
receptors and weak inhibition of 
reuptake of norepinephrine and 
serotonin. 

Opioid activity of tramadol is due 
to both low affinity binding of the 
parent compound and higher 
affinity binding of the O-
demethylated metabolite M1 to 
μ-opioid receptors. In animal 
models, M1 is up to 6 times 
more potent than tramadol in 
producing analgesia and 200 
times more potent in μ-opioid 
binding. Tramadol-induced 
analgesia is only partially 
antagonized by the opioid 
antagonist naloxone in several 

The Established Pharmacologic 
Class (EPC) for tramadol is 
“opioid agonist”. However, the 
reference drug (Ultram) product 
label states “opioid agonist and 
inhibitor of norepinephrine and 
serotonin re-uptake.”

 

The proposed language is from 
the referenced product labeling 
and are acceptable.
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antagonist naloxone in several 
animal tests. The relative 
contribution of both tramadol 
and M1 to human analgesia is 
dependent upon the plasma 
concentrations of each 
compound [see Clinical 
Pharmacology (12.2)].

animal tests. The relative 
contribution of both tramadol 
and M1 to human analgesia is 
dependent upon the plasma 
concentrations of each 
compound [see Clinical 
Pharmacology (12.2)].

Celecoxib
Celecoxib is an analgesic, anti-
inflammatory, and antipyretic 
properties. The mechanism of 
action of celecoxib is believed to 
be due to inhibition of 
prostaglandin synthesis, 
primarily via inhibition of 
cyclooxygenase-2 (COX-2).

Celecoxib is a potent inhibitor of 
prostaglandin synthesis in vitro. 
Celecoxib concentrations 
reached during therapy have 
produced in vivo effects. 
Prostaglandins sensitize afferent 
nerves and potentiate the action 
of bradykinin in inducing pain in 
animal models. Prostaglandins 
are mediators of inflammation. 
Since celecoxib is an inhibitor of 
prostaglandin synthesis, its 
mode of action may be due to a 
decrease of prostaglandins in 
peripheral tissues.

Celecoxib
Celecoxib has analgesic, anti-
inflammatory, and antipyretic 
properties. The mechanism of 
action of celecoxib is believed to 
be due to inhibition of 
prostaglandin synthesis, 
primarily via inhibition of 
cyclooxygenase-2 (COX-2).

Celecoxib is a potent inhibitor of 
prostaglandin synthesis in vitro. 
Celecoxib concentrations 
reached during therapy have 
produced in vivo effects. 
Prostaglandins sensitize afferent 
nerves and potentiate the action 
of bradykinin in inducing pain in 
animal models. Prostaglandins 
are mediators of inflammation. 
Since celecoxib is an inhibitor of 
prostaglandin synthesis, its 
mode of action may be due to a 
decrease of prostaglandins in 
peripheral tissues.

Proposed language is derived 
from the referenced product 
labeling and is acceptable.

Applicant’s Proposed 
Labeling

Reviewer’s Recommended 
Labeling

Rationale for 
Reviewer’s recommendations

13.1 Carcinogenesis, 
Mutagenesis, Impairment of 
Fertility

There are no animal or 
laboratory studies with 

 (product composed 
of tramadol and celecoxib) to 
evaluate carcinogenesis, 
mutagenesis, or impairment of 
fertility. Data on the individual 
components are described 
below.

Carcinogenesis

13.1 Carcinogenesis, 
Mutagenesis, Impairment of 
Fertility

There are no animal or 
laboratory studies with 
SEGLENTIS (product composed 
of tramadol and celecoxib) to 
evaluate carcinogenesis, 
mutagenesis, or impairment of 
fertility. Data on the individual 
components are described 
below.

Carcinogenesis
Tramadol
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 NDA was not approved during first review cycle. Complete Response letter dated 
June 15, 2020 included one deficiency regarding facility inspections. The NDA 
was approvable from the nonclinical perspective.

 This NDA resubmission was received April 16, 2021.

3 Studies Submitted

3.1 Studies Reviewed 
No new toxicology studies were included with this submission. The Applicant 
provided a literature review for tramadol and celecoxib as recommended by the 
Pregnancy, Lactation, and Labeling Rule.

3.2 Studies Not Reviewed 
None

3.3 Previous Reviews Referenced
 NDA 213426 nonclinical review dated 6/6/2020
 Class safety labeling change (SLC) for NSAIDs review dated 9/11/2020

4 Pharmacology
No new pharmacology studies were included with this resubmission. Refer to first cycle 
nonclinical review in DARRTS dated June 6, 2020 for additional details.

5 Pharmacokinetics/ADME/Toxicokinetics
No new pharmacokinetics/ADME/toxicokinetics studies were included with this 
resubmission. Refer to first cycle nonclinical review in DARRTS dated June 6, 2020 for 
additional details.

6 General Toxicology
No new general toxicology studies were included with this resubmission. Refer to first 
cycle nonclinical review in DARRTS dated June 6, 2020 for additional details.

7 Genetic Toxicology
No new genetic toxicology studies were included with this resubmission. Refer to first 
cycle nonclinical review in DARRTS dated June 6, 2020 for additional details.
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8 Carcinogenicity
No carciongenicity studies were included with this resubmission as they are not required 
for the proposed acute indication. Refer to first cycle nonclinical review in DARRTS 
dated June 6, 2020 for additional details.

9 Reproductive and Developmental Toxicology
The Applicant is relying upon the reproductive and developmental toxicology data in the 
referenced product labeling to address the safety of the individual active components of 
this drug product. They also conducted an embryo-fetal development study with the co-
crystal to address the potential for additive effects of the two active components. For 
more detail, refer to the first cycle nonclinical review in DARRTS dated 6/6/2020.

In addition, as part of the requirement under the Pregnancy Lactation and Labeling Rule 
(PLLR), a review and summary of available published literature regarding the potential 
effects of tramadol and celecoxib use on pregnancy, lactation, and effects on female 
and male fertility was provided and the articles were resubmitted to the NDA (SDN 27). 
The Applicant noted that they used the following search methodology.

However, the Applicant stated that there is no new nonclinical and clinical literature 
which impacts the product labelling information of Celecoxib and Tramadol, Tablets. 
However, among these 41 nonclinical studies, this reviewer has determined that the 
findings of several published studies should be considered for inclusion in labeling, 
specifically in Sections 8.1, 8.3, and 13.1. See integrated summary for a discussion of 
the reviewer’s recommended labeling additions.

9.3. Published literature

Tramadol: 
For tramadol, a total of 33 potentially relevant articles (18 nonclinical/ 15 clinical) were 
selected by the Applicant. Summaries (18 out of 33) of the nonclinical literature are 
provided below.
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1. Vitamin E administration does not ameliorate tramadol-associated impairment 
of testicular function in Wistar rats. Andrologia (Udefa AL et al., 2020).

In this study, the effect of vitamin E (100 mg/kg) was investigated on some reproductive 
parameters of male Wistar rats administered tramadol 20 mg/kg orally for 28 days (1.1 
times the MRHD of tramadol (176 mg) on a mg/m2 basis) compared to a control.

Key findings
 In male rats, tramadol did not cause testicular oxidative stress but impaired 

testicular function by suppressing testosterone, follicle-stimulating hormone 
(FSH), and luteinizing hormone (LH) secretion.

 Histology of testis and epididymis did not demonstrate evidence of tramadol-
induced toxicity but there was evidence of decreased sperm population in 
tramadol-treated groups versus the control group.

Reviewer’s comment (applies to References 1-13 below for tramadol): These studies 
provide supportive evidence that suggest tramadol may impact male fertility and further 
provides data on potential mechanisms underlying the impact of tramadol on male 
reproductive tissues. These findings are consistent with the data outlined in the Ultram 
label which indicates that “chronic use of opioids may cause reduced fertility. It is not 
known whether these effects on fertility are reversible”. See Integrated Summary and 
Safety Evaluation below for a discussion of why this reviewer believes the male 
reproductive tissue findings described in published literature should be included in 
labeling.

2. Ameliorative effect of melatonin against reproductive toxicity of tramadol in 
rats via the regulation of oxidative stress, mitochondrial dysfunction, and 
apoptosis-related gene expression signaling pathway (Koohsari M et al., 2020).

In this study, the effects of melatonin (MT) was investigated for 3 weeks against 
oxidative stress, mitochondrial dysfunction, and apoptosis induced by tramadol-
reproductive toxicity in male rats. The rats were divided into the 7 groups: control, 
melatonin (1.5 mg/kg), tramadol (50 mg/kg, 2.7 times the MRHD of 176 mg on a mg/m2 
basis), and melatonin (1, 1.5 and 2.5 mg/kg) administered 30 minutes before tramadol 
and vitamin C group (100 mg/kg).

Key findings
 Tramadol caused a significant decline in epidermal sperm count, motility, and 

morphology.

 Tramadol caused a significant decrease in GSH level and mitochondrial function, 
and a significant evaluation of LPO, PrC, MMP, and mitochondrial swelling.

 Tramadol induced a significant decrease of anti-apoptotic Bcl-2 gene expression, 
and increase pro-apoptotic Bax gene expression.
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3. Chemotherapeutic potential of epimedium brevicornum extract: The cGMP-
specific PDE5 inhibitor as anti-infertility agent following long-term 
administration of tramadol in male rats (Abdelaziz AS et al., 2020).

In this study, the effects of a Chinese herb (Epimedium brevicornum Maxim, EbM) were 
evaluated in rats as a natural modulator for adverse effects associated with chronic 
administration of tramadol (TAM). Fifty rats were categorized into five groups as follows: 

 Group I: Untreated rats, 
 Group II: 2.43 g/kg/day EbM extract, 
 Group III: 50 mg/kg/day of TAM for 130 consecutive days (2.7 times the MRHD 

of 176 mg on a mg/m2 basis), 
 Group IV: 50 mg/kg/day of TAM for 65 consecutive days + 0.81 g/kg/day EbM for 

65 consecutive days
 Group V: 50 mg/kg/day of TAM for 65 consecutive days + 2.43 g/kg/day EbM for 

65 consecutive days

Key findings
 TAM showed significant reduction in sperm motility and count and an improvement 

in abnormalities compared to control.

 
 TAM showed significant reduction serum hormones, luteinizing hormone (LH), 

testosterone (Tes), estradiol (E2), and follicle-stimulating hormone (FSH). 
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 In the TAM-treated rats, abnormal changes in oxidant and antioxidant enzyme 
activities and a decrease in the antioxidant activity were observed in the reduced 
superoxide dismutase (SOD) activities and increased tissue malondialdehyde (MDA) 
and nitric oxide (NO) production, respectively.

 In the TAM-treated rats, elevation of the apoptotic marker Bax and a reduction of 
Bcl2 were recorded. 

 In the TAM-treated rats, histopathological abnormalities have been reported in 
testicles.

4. Testicular toxicity following separate and combined administration of PDE5 
inhibitors and opioid: assessment of recovery following their withdrawal (Nna 
VU and Osim EE, 2017)
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In this study, the effects of high doses of sildenafil, tadalafil, tramadol, and sildenafil + 
tramadol on reproductive toxicity were evaluated in male rats. Rats were either 
administered normal saline (0.2 mL), sildenafil (10 mg/kg), tadalafil (10 mg/kg), tramadol 
(20 mg/kg), or sildenafil + tramadol (10 and 20 mg/kg, respectively) for 8 weeks of every-
other-day oral dosing. 

Key findings
 Body weights, testicular and epididymal weights, sperm count and viability were 

significantly reduced in all treated groups compared to control. 

 An increase in malondialdehyde (MDA) and decreases in superoxide dismutase 
(SOD), catalase (CAT), glutathione (GSH), and glutathione peroxidase (GPx) 
were also noted at the end of the 8-week dosing period. 

 After an 8-week postdose period, recovery was in progress but incomplete.

5. Effects of tramadol administration on male reproductive toxicity in Wistar rats. 
The role of oxidative stress, mitochondrial dysfunction, apoptosis-related 
gene expression, and nuclear factor kappa B signalling (Koohsari M et al., 
2020).

In this study, the effects of tramadol of 25, 50, and 75 mg/kg/day, intraperitoneally for 21 
successive days ( 1.4, 2.7, and 4.1 times, respectively, the MRHD of 176 mg on a 
mg/m2 basis)  on reproductive toxicity were evaluated in male rats. Testicular tissues 
were collected for oxidative stress, mitochondrial function, sperm assays and 
histopathological evaluation. Real-time polymerase chain reaction was performed to 
evaluate the markers of infl ammation and apoptosis.

Key findings
 In male rats, tramadol (50 and 75 mg/kg i.p. for 3 weeks) caused a significant 

decline in epidermal sperm count, motility, and morphology.

Effect of Tramadol on sperm parameters.

 Tramadol caused significant decrease in glutathione level and mitochondrial 
function, and a significant alteration of oxidative stress markers.
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Effect of Tramadol on biomarkers of oxidative stress and NO level in the testis tissue.

 Tramadol induced a significant decrease of anti-apoptotic Bcl-2 gene expression, 
and increase pro-apoptotic Bax gene expression.
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 Histopathological analysis of the testis tissues showed that tramadol caused a 
reduction of seminiferous epithelial thickness and several alterations, such as 
increase of the diameter of the lumen of the rat seminiferous tubule, reduction 
seminiferous epithelial thickness and oedema, when compared to the control group.

6. Moringa oleifera leaves extract modulates toxicity, sperms alterations, 
oxidative stress, and testicular damage induced by tramadol in male rats (Abd 
HH et al., 2020). 

In this study, the effects of Moringa oleifera leaves extract (MLE) was evaluated on 
tramadol-induced testicular toxicity, sperm changes, testicular damage, and oxidative 
stress in male rats. The rats were divided into the 4 groups and treated for 4 weeks as 
follows:

 Group 1, control
 Group 2, MLE (100 mg/kg BW/day)
 Group 3, tramadol (40 mg/kg BW/day, 2.2 times the MRHD of 176 mg on a 

mg/m2 basis)
 Group 4, MLE + tramadol.

Key findings
 In male rats, tramadol (40 mg/kg oral for 4 weeks) caused a significant decline in 

relative body weight, relative testes weight, serum total testosterone, luteinizing 
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hormone, follicle-stimulating hormone, sperm counts, vitality, total sperm motility, 
catalase, and superoxide dismutase activities.

 Sperm abnormality, immotile sperm percent, testicular injury, and TBARS 
concentration in testes were significantly increased in the tramadol-treated group.

 Histopathological data for the tramadol-treated group showed incomplete 
spermatogenesis, moderate degeneration in some seminiferous tubules with a 
significant decrease in the number of spermatogenic cells and depletion of Leydig 
cells.
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7. Pomegranate seeds extract possesses a protective effect against tramadol-
induced testicular toxicity in experimental rats (Minisy et al., 2020).

In this study, the effect of pomegranate seed extract (PgSE) against tramadol-induced 
testicular damage in adult and adolescent rats. Male rats were orally treated with 
tramadol or in a combination with PgSE for three weeks. The tramadol concentration 
was gradually increased from 20 to 80 mg/kg (1.1 to 4.4 times the MRHD of 176 mg on 
a mg/m2 basis) to simulate the physical dependence of the drug similar to the chronic 
use in humans to reach the effective doses.

Key findings
 Histological and ultrastructural examinations indicated that tramadol induced many 

structural changes in the testes of adult and adolescent rats including hemorrhage of 
blood vessels, intercellular spaces, interstitial vacuoles, exfoliation of germ cells in 
lumen, cell apoptosis, chromatin degeneration of elongated spermatids, and 
malformation of sperm axonemes. 

Reference ID: 4865588



NDA 213426 Reviewer: Armaghan Emami, PhD

30

 DNA ploidy revealed that S phase of the cell cycle was diminished when adult and 
adolescent rats were treated with tramadol. However, the S phase had a normal cell 
population in the cotreated adult rats, but adolescent rats had a lower population 
than controls.
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8. Effects of chronic tramadol administration on testicular tissue in rats: an 
experimental study (Abdellatief RB,Elgamal DA and Mohamed EE, 2015)

In this study, the effects of tramadol use were evaluated on testicular tissue in male 
rats. Adult male rats were treated with tramadol (IP injection of 40 mg/kg; 2.2 times the 
MRHD of 176 mg on a mg/m2 basis) or saline (control) for 30 days. After 30 days, the 
animals were sacrificed and analyzed for changes to testicular tissue and hormones in 
blood. 

Key findings
 Serum luteinizing hormone (LH), follicle-stimulating hormone (FSH), and 

testosterone were decreased.
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 Light microscopy showed degenerative changes in the testes and seminiferous 
tubules.

 Electron microscopy showed an increase in apoptotic cells, vacuolation, huge 
lipid droplets and disrupted Sertoli cells. The Leydig cells showed euchromatic 
nuclei and dilated smooth endoplasmic reticulum.

9. Single opioid administration modifies gonadal steroids in both the CNS and 
plasma of male rats (Ceccarelli I et al., 2006)

In this study, the effects of tramadol on plasma testosterone and estradiol levels and 
brain testosterone levels in male rats were evaluated. Animals (8 or 9 /group) were 
injected via the subcutaneous (SC) route with two concentrations of morphine (5 or 10 
mg/kg), fentanyl (0.05 or 0.1 mg/kg), tramadol (10 or 40 mg/kg), buprenorphine (0.05 or 
0.1 mg/kg), or saline (0.7 mL/kg). Plasma and brain hormone levels were measured by 
radioimmunoassay at 4 and 24 hours after the treatments. The effect of tramadol on 
testosterone, estradiol, and the estradiol/testosterone ratio are depicted below.

Reference ID: 4865588



NDA 213426 Reviewer: Armaghan Emami, PhD

33

Key findings
 Tramadol 10 mg/kg (0.5 times the MRHD of tramadol at 176 mg on mg/m2 basis) 

decreased plasma testosterone levels when measured 4 hours after treatment, 
but levels were actually higher than controls 24 hours after treatment suggestion 
a potential rebound effect. In contrast, tramadol 40 mg/kg (2.2 times the MRHD 
of tramadol at 176 mg on mg/m2 basis) decreased testosterone at both 4 and 24 
hours. Further, tramadol decreased estradiol levels at both 4 hours and 24 hours 
after treatment.

 Tramadol treatment at 40 mg/kg also decreased brain testosterone levels at 4, 
but not 20 hours.

Reviewer’s comment:
This study demonstrates that tramadol administration may impact key sex hormone 
levels which may contribute to the effect of tramadol on both male and female 
reproductive and developmental endpoints. Although the effects of tramadol were not 
entirely consistent with the effects reported for the other opioids tested in this study, 
these results are consistent with the conclusion that opioids have effects on male 
reproductive hormones.

10.Effect of chronic usage of tramadol on motor cerebral cortex and testicular 
tissues of adult male albino rats and the effect of its withdrawal: histological, 
immunohistochemical and biochemical study (Ghoneim FM et al., 2014)

This study demonstrated effects of chronic tramadol usage on motor cerebral cortex 
and testicular tissues of rats and of the effects of tramadol withdrawal on rats. Thirty 
adult male rats were randomized into three groups: Control Group I (1 mL normal saline 
0.9% orally by gavage for 4 weeks), Treatment Group II (50 mg/kg/day tramadol 
intraperitoneally for 4 weeks; 2.7 times the MRHD of 176 mg on a mg/m2 basis), and 
Treatment Group III (same dose as Group II, but kept for 4 weeks after dosing to study 
effects of withdrawal). Animals were sacrificed and their testes and brains studied for 
the effects of tramadol usage and withdrawal. 

Key findings
 Tramadol-treated animals showed histological abnormalities on both cerebral 

cortex and testicular tissues, and these abnormalities were associated with 
oxidative stress. Tissues of tramadol-treated animals also had elevated levels of 
apoptosis. Tissues of animals four weeks post-treatment (Group III) showed 
improvement relative to measurements during tramadol treatment, but the 
parameters did not return to baseline.

Reviewer’s comment: 
Although these studies tested tramadol in adult animals rather than prenatally, the 
findings in cerebral cortex in the brain suggest the potential for neurotoxicity as 
suggested by the prenatal study results reported in the Aboulhoda’s article (2018).
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The findings in testicular tissues are consistent with exiting class labeling for opioids 
and the current labeling of Ultram under section 8.3 which indicates that “chronic use of 
opioids may cause reduced fertility. It is not known whether these effects on fertility are 
reversible”. See Integrated Summary and Safety Evaluation below for a discussion of 
why this reviewer believes brain and testes findings described in published literature 
should be included in labeling.

11.Morphometric and ultrastructural analysis of tramadol effects on epididymis: 
an experimental study (Attia AM,Bakry OA,Yassin H,Sarhan N,Samaka R and 
Gamal N, 2018)

In this study, the effects of tramadol use were evaluated on epididymal tissue in rats. 
Sexually mature male rats (mean 200 g) were treated with control (saline) or various 
doses of tramadol (0.9, 1.8, 9, 18, 27 mg/day; 4.5, 9, 45, 90, 135 mg/kg; HED of 43.5, 
87, 435, 870, 1790 mg/60 kg; corresponding to 0.2, 0.4, 2.4, 4.8, and 10 times, 
respectively, the MRHD of tramadol at 176 mg on a mg/m2 basis) for 18 weeks. After 18 
weeks, the animals were sacrificed and their epididymal tissues were analyzed for 
tramadol-associated changes. 

Key findings
 Histopathology evaluation demonstrated dose-dependent changes including 

distorted tubular morphology, multiple intercellular and intracellular vacuolation, 
epithelial disruption, ulceration and/or necrosis, decreased stereocilia, epithelial 
cell exfoliation and absence of sperm, thickening of the basement membrane, 
epithelial hyperplasia, tubular epithelial separation from basement membrane, 
and a decrease in the epididymal duct diameter.

 Electron microscopy of the epididymis demonstrated changes at doses of ≥0.9 
mg/day. Changes included a dose-dependent increase in abnormal vacuoles, 
wide intercellular spaces, thickened irregular basement membrane, irregular 
outline of principal cells with many lysosomes, distorted mitochondria with 
abnormal nuclei; decreased stereocilia, and multiple desquamated 
spermatogenic cells.

The histopathological changes noted are summarized in the table below from the 
publication suggesting that even the lowest dose tested demonstrated alterations in 
epididymal tissue.
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Reviewer’s comment:
The results are consistent with current labeling of Ultram which indicates that “chronic 
use of opioids may cause reduced fertility. It is not known whether these effects on 
fertility are reversible”. However, the paper does report damage to the rat testes after 
prolonged treatment, findings that are consistent with several other reports noted here. 
Given the lack of any impact on fertility noted in Section 13 of the current labeling, 
including a summary statement based on literature would strengthen the existing human 
risk statement. See Integrated Summary and Safety Evaluation below for a discussion
of why this reviewer believes testes findings described in published literature should be
included in labeling.

12.Chronic addiction to tramadol and withdrawal effect on the spermatogenesis 
and testicular tissues in adult male albino rats (Ibrahim MA and Salah-Eldin 
AE, 2019)

In this study, the effects of tramadol (40 mg/kg, 2.2 times the MRHD of tramadol at 176 
mg on a mg/m2 basis) on the testicular functions of adult male rats and the effect of its 
withdrawal were evaluated. An assessment of oxidative stress and apoptotic genes in 
the testes and microscopic examination of the testes was conducted.

Adult male albino rats were classified into the following 3 groups: 
1. Control rats administered normal saline, 
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2. Tramadol-treated rats (40 mg/kg, oral) for 21 successive days, and 

3. Tramadol-treated rats (40 mg/kg orally) for 21 successive days and kept for 4 
additional weeks after the last tramadoI dose to study the effect of tramadol 
withdrawal.

Key findings
 Administration of tramadol for 21 days resulted in decreased sperm count and 

sperm motility. The results of this study demonstrated histological changes in 
testicular tissues in Groups 2 and 3 compared to the control group. 

 This correlated with increased apoptotic index and increased Bcl-2-associated-X-
protein and caspase-3 expression and decreased anti-apoptotic Bcl-2 
expression. 

Reviewer’s comment: The findings in male reproductive tissues are consistent with 
exiting class labeling for opioids and the current labeling of Ultram under Section 8.3 
which indicates that “chronic use of opioids may cause reduced fertility. It is not known 
whether these effects on fertility are reversible”. See Integrated Summary and Safety 
Evaluation below for a discussion of why this reviewer believes male reproductive tissue 
findings described in published literature should be included in labeling.

13.Tramadol: effects of sexual behavior in male rats are mainly caused by it 5-HT 
reuptake blocking effects (Olivier JD et al., 2017)

In this study, the mechanism of tramadol-related inhibitory activity on mating behavior 
was evaluated in male Wistar rats. To determine if the inhibitory effects of tramadol 
were attributed to tramadol’s mu-opioid activity and/or its serotonin reuptake inhibitor 
activity, tramadol (50 mg/kg) was administered to male rats by the SC route either alone 
or in combination with a mu-opioid receptor antagonist (naloxone), a serotonin reuptake 
inhibitor (paroxetine), and/or a 5-HT1A receptor antagonist (WAY100,635) in order to 
assess which mechanism of action contributed to the tramadol-related effects on male 
sexual behavior. 

Key findings
 A tramadol dose of 50 mg/kg IP (2.7 times the MRHD of 176 mg on a mg/m2 

basis) reduced sexual behavior of male rats selected and trained for average 
sexual activity. Lower doses (10, 20, 40 mg/kg, IP) of tramadol did not differ 
significantly from control.

 Naloxone (5 and 10 mg/kg, IP) alone did not significantly impact sexual behavior. 
10 mg/kg naloxone only partially antagonized the inhibitory effect of tramadol 50 
mg/kg.

 Paroxetine (10 mg/kg, IP) alone had no inhibitory impact on sexual behavior.
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 WAY100,635 (1.0 mg/kg, IP) alone had no effect on sexual behavior. However, 
this dose combined with a behaviorally inactive dose of tramadol (25 mg/kg, IP) 
severely reduced sexual behavior.

 The article concluded that the tramadol-related effect on male reproductive 
performance was due to the 5-HT reuptake inhibition.

Reviewer’s comment: This study demonstrated that a dose of 50 mg/kg tramadol could 
reduce the sexual activity of male rats as demonstrated by absence of ejaculations or 
long latencies before the first and second mounts. Note, the male rats were selected 
with average ejaculations of 2-3 ejaculations per test. This is contradictory to the 
information in the reference product label that states “No effects on fertility were 
observed for tramadol at oral dose levels up to 50 mg/kg in male rats and 75 mg/kg in 
female rats.” However, serotonin reuptake inhibitors are known to have adverse effecst 
on libido, which may explain these findings. Without more corroborating evidence or a 
justification to explain why fertility was not impacted in the GLP study with the reference 
drug, there is no need to change labeling with regard to male fertility at this time. The rat 
dose of 50 mg/kg corresponds to 2.7 times the MRHD of tramadol at 175 mg on a 
mg/m2 basis.

14.Pain medications and male reproduction (Drobnis EZ and Nangia AK, 2017)

This is a book chapter that provides a survey of available information on the effects of 
pain medications on male reproduction. The authors indicate that opioids can reduce 
semen quality, including increased DNA fragmentation. The results are consistent with 
current labeling of Ultram. The approved Ultram label indicates that “chronic use of 
opioids may cause reduced fertility,” and the results reported in this chapter are 
consistent with this language. Therefore, no updates to the label are recommended 
based on this book chapter.

15.The impact of drugs on male fertility: a review (Semet M et al., 2017) 

This is a review article of the effects of drugs on male fertility. This review cites a paper 
that associates use of tramadol with delayed ejaculation, sedation, and reduced desire, 
and mentions another paper that covers the off-label use of tramadol for premature 
ejaculation. These findings are consistent with current labeling and no changes are 
recommended.

16.Effects of using the analgesic tramadol in mice undergoing embryo transfer 
surgery (Koutroli E et al., 2014).

In surrogate dams, pre-operatively administered tramadol (20 mg/kg subcutaneously) 
did not harm the success rate of embryo transfer surgery. Compared with controls not 
given any analgesic, surrogate dams given tramadol had similar birth rates and similar 
body weights at all time points. Thus, tramadol does not harm the success rate of 
embryo transfer surgery and even may improve litter survival.
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17.Effect of prenatal tramadol on postnatal cerebellar development: Role of 
oxidative stress (Aboulhoda BE and Hassan SS, 2018) 

In this study (also summarized in the ReproTox database), potential effects of tramadol 
on fetal development in Sprague Dawley rats were assessed. Twenty pregnant rats were 
randomized into two groups: a treatment group and a control group. Animals in the 
treatment group were administered tramadol at 50 mg/kg/day by oral gavage from 
Gestation Days (GD) 10 to 21. This dose corresponds to 2.7 times the MRHD of 
tramadol at 176 mg on a mg/m2 basis. Control rats were given saline on the same 
schedule. The pups were sacrificed on Postnatal Days (PND) 7, 14 and 21. Cerebellar 
specimens were processed for histomorphometric, immunohistochemical, and electron 
microscopic assessments and were evaluated for various oxidative stress parameters.

Key findings
 Tramadol administration during pregnancy caused structural abnormalities on the 

post-natal cerebellar cortex and these were associated with oxidative stress 
evidenced by elevation of lipid peroxidation products and inhibition of antioxidant 
enzyme activities.

 Using light microscopic examination, statistically-significant increases in density 
of darkly-degenerated Purkinje cells were detected in specimens from the 
tramadol treatment group relative to control. Tramadol-treated Purkinje cells at 
PND 7 appeared crowded and arranged in multiple layers rather than a single 
layer, with occasional downward displacement in the granular layer. As 
hypothesized by the report, neuronal insult could lead to adaptive Purkinje cell 
crowding as an attempt of Purkinje cells to re-establish novel synaptic contact 
with other neurons. At PNDs 14 and 21, the Purkinje cells were reported 
shrunken with densely stained cytoplasm and an irregular outline. According to 
the authors, the appearance of darkly-degenerated Purkinje cells with markedly 
condensed cytoplasm and nucleoplasm indicates a pertinent apoptotic response. 

 These changes were further confirmed ultrastructurally where the Purkinje 
neurons showed features of neurodegeneration in the form of chromatin 
condensation, marked infolding of the nuclear envelope, dilated Golgi channels 
along with accumulation of secondary lysosomes and lipo-fuschin pigments in 
tramadol treatments.
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 Using immunohistochemical examination, an increase in GFAP (rabbit polyclonal 
anti-glial fibrillary acidic protein) immuno-reactivity was observed in the 
cerebellums of the tramadol-treated animals where the Bregmann glial fibers 
appeared hypertrophied and intensely-stained and the astrocytes in the granular 
layer exhibited large cell bodies with dense processes indicating activated 
astroglia. The area percent of GFAP positive immunoreactivity in the tramadol-
treated groups was significantly higher than the control group. Astrocyte swelling 
is a well-known integral reaction to cytotoxic brain injury which was evident in the 
current work through up-regulation of GFAP immunoreactive astrocytes.

 Tramadol treatment resulted in decrease in the activity of the antioxidant 
enzymes GSH-Px, CAT, and Mn-SOD together with reduction in the level of 
glutathione and elevation in the level of MDA.
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Reviewer’s comment: 
There are some concerns about this study. In this study, only male pups and only single 
dose were tested; no maternal toxicities were evaluated; no functional assessments 
were performed; and no information about the purity of tramadol sourced from Egypt 
was noted. 

However, the study did test a standard strain of rat (Sprague Dawley) used commonly in 
GLP reproductive toxicity studies and tested the same dose (50 mg/kg) as employed in 
the GLP pre- and post-natal studies in rats noted in the label (this dose is 2.7 times the 
MRHD based on body surface area (BSA) comparison). Also, multiple end points to 
evaluate the CNS structures were employed. These findings are consistent with other 
published reports demonstrating tramadol, as well as other opioids, can adversely 
impact brain development. Therefore, the reviewer believes a statement in this regard 
should be included in labeling. See Integrated Summary and Safety Evaluation for 
further discussion on this issue.

18.Effect of tramadol on rabbit uterine contractile activity induced in late 
pregnancy (Yakovleva AA et al., 2017)

This study shows the effect of tramadol infusion on uterine contractile activity in rabbits. 
Female rabbits were mated. Twenty days later, electrodes to measure uterus electrical 
activity were aseptically implanted in the rabbits. Two days after electrode implantation 
(Gestation Day 30), parturition was induced in the rabbits by oxytocin injection. The 
rabbits were then divided into a tramadol group (1 mL tramadol 5 mg/mL) and a control 
group (1 mL normal saline), and the test and control treatments were administered 10 
minutes after the oxytocin. Labor was then observed and recorded using the implanted 
electrodes. After delivery, uteri were preserved for further analysis. 

Key findings
 Administration of tramadol to rabbits ready for parturition did not alter the number of 

uterine contractions, but increased phosphocreatine consumption by the 
myometrium and the amplitude and duration of each contraction. Rabbits not ready 
for parturition at the time of induction experienced reduction in the amplitude of 
uterine contractions with tramadol administration. 

Reviewer’s comment: These results are consistent with the labeling of Ultram, which 
indicates that “Opioid analgesics, including ULTRAM, can prolong labor through actions 
which temporarily reduce the strength, duration, and frequency of uterine contractions.” 
Therefore, no changes to the label are recommended. 

Celecoxib:
For celecoxib, a total of 36 potentially relevant articles (19 nonclinical/ 14 clinical) were 
selected by the Applicant and summaries of these articles are provided below.
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1. The anti-inflammatory drug celecoxib inhibits T-type Ca2+ currents in 
spermatogenic cells yet it elicits the acrosome reaction in mature sperm 
(Balderas E et al., 2013).

In this in vitro study, celecoxib (Cx) inhibited T-type calcium channels in mouse 
spermatogenic cells and affected the calcium, intracellular pH and membrane potential 
homeostasis of sperm. 
The sperm acrosome reaction (AR) is a process required for the sperm to fuse and 
fertilize the egg, and it involves an increase in the sperm intracellular Ca2+ 
concentration. The author found that Cx depolarizes the sperm membrane potential, 
and elevates both [Ca2+]i and pHi affecting the AR at concentrations within the order
reached in patient’s plasma (5–15 mcM). 

According to the authors, the results demonstrate that celecoxib can compromise 
fertilization. However, the reference drug product label states that “Celecoxib had no 
effect on male or female fertility or male reproductive function in rats at oral doses up to 
600 mg/kg/day,” which is 26 times the MRHD of celecoxib at 224 mg on a mg/m2 basis. 
Therefore, no changes in labeling are recommended based on these findings.

2. Effect of a selective nonsteroidal anti-inflammatory drug, celecoxib, on the 
reproductive function of female mice (Wang PH et al., 2007).

In female mice, celecoxib (3 or 5 mg/kg by oral use once daily from 3 days before 
entering ovulation induction to the day of ovulation induction for a total of 4 days) did not 
affect ovulation capacity in terms of oocyte numbers. Celecoxib (3 mg/kg by oral 
intubation once daily from 25 days of age until the end of the continuous mating study 
did not significantly impair fertility in terms of litter size.
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Reviewer’s comment: These findings are not adverse; therefore no change to the 
current labeling is warranted.

3. Subacute toxicity of celecoxib on thyroid and testis of rats: Hormonal and 
histopathological changes (Selmanoglu G et al., 2006).

In this study, the effects of two different doses of celecoxib on serum total 
triiodothyronine (T3), total thyroxine (T4), thyroid stimulating hormone (TSH), 
testosterone and luteinizing hormone (LH) of male rats were evaluated. The doses of 10 
and 50 mg/kg/day (0.4 and 2 times the MRHD of 224 mg on a mg/m2 basis) of celecoxib 
were given to male rats orally for 28 days. 

Key findings
 There was no significant change in serum total T3, total T4, and LH levels of 

celecoxib-treated rats. Serum TSH levels decreased in rats from the 50 mg/kg group 
compared with those of control. Serum testosterone level increased in rats treated 
with 50 mg/kg/day dose of celecoxib. The increase in testosterone level of rats 
treated with 10 mg/kg/day dose of celecoxib was not statistically significant.

 In histological examinations, the thyroid exhibited histopathological changes at the 
50 mg/kg/day dose level as shown in the table below.

According to the article, it has been reported that any histological changes in the 
thyroid gland were not observed, when the doses of 20, 80, and 400 mg/kg/day 
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celecoxib were given to the Sprague–Dawley rats for 13 weeks (Kasono et al., 
2001). In additon, there were no treatment-related microscopic findings in dogs 
given 25 mg/kg/day celecoxib for 28 days (Kasono et al., 2001). The difference in 
the results may be attributed to the difference of strain and species of animals used 
in the studies.

 No any histopathological change was observed in the testis of rats treated with both 
10 and 50 mg/kg/day doses of celecoxib.

Reviewer’s comment: This reviewer agrees with the authors that these findings in 
thyroid and testis are not toxicologically significant; therefore no change to the current 
labeling is warranted.

4. Effects of chronic celecoxib on testicular function in normal and 
lipopolysaccharide-treated rats (Winnall WR et al., 2009).

In this study, the effects of administering celecoxib (oral with feed, 0.15% w/w) for 5 
weeks on normal testis function and the response to low dose (0.1 mg/kg) or high dose 
(5.0 mg/kg) lipopolysaccharide (LPS) were examined in adult male rats. 
Celecoxib specifically inhibits cyclooxygenase-2 (COX-2) which its expression is up-
regulated by inflammatory stimuli, such as LPS.
The celecoxib-fed rats received 78– 100 mg/kg body weight (3.3 to 4.3 times the MRHD 
of 224 mg on a mg/m2 basis). 

Key findings
 In male rats, celecoxib caused a 60% reduction in testicular interstitial fluid (IF) 

PGE2 concentrations, accompanied by a compensatory increase in COX-2 mRNA 
expression.

 Celecoxib increased IF volume by 30%, but had no effect on testis weight, testis 
morphology or serum testosterone levels.

 In the celecoxib-fed rats, the dose-dependent inhibitory effects of LPS on testis 
weight, IF volume and serum testosterone levels were significantly diminished.

 In rats administered LPS, celecoxib did not alter the ability of the testis to mount an 
inflammatory response but opposed the deleterious effects of inflammation on IF 
formation and testosterone production.

Reviewer’s comment: These data show that celecoxib reduces intratesticular activity of 
COX-2 (as indicated by PGE2 levels) and inhibits IF formation in the testis, but has no 
effect on steroidogenesis or spermatogenesis. Also may ameliorate testicular damage 
caused by systemic or local inflammation (as induced by LPS). These findings are not 
adverse; therefore no change to the current labeling is warranted.
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5. Maturation and fertilization of nonhuman primate oocytes are compromised by 
oral administration of a cyclooxygenase-2 inhibitor (Duffy DM and VandeVoort 
CA, 2011).

In adult female cynomolgus monkeys receiving gonadotropins to stimulate multiple 
follicular development, celecoxib (32 mg orally every 12 h for 36 h prior to follicle 
aspiration) reduced the rate of oocyte nuclear maturation and the success of in vitro 
fertilization.
Reviewer’s comment: These findings are from in vitro studies and the findings in 
isolation would not warrant any change to the current labeling.

6. Celecoxib inhibits osteoblast maturation by suppressing the expression of 
Wnt target genes (Nagano A et al., 2017).

In this in vitro study, the effect of celecoxib on maturation of osteoblast-like cell line 
MC3T3-E1 was examined. 

Key findings
 Celecoxib induced degradation of transcription factor 7-like 2, a key transcription 

factor of the canonical Wnt pathway. The canonical Wnt pathway plays important 
roles in embryonic development and maintenance of homeostasis in matured 
tissues including bone.

 Celecoxib inhibited the expression of two osteoblast differentiation markers and 
products of the canonical Wnt pathway target genes, runt-related transcription 
factor and alkaline phosphatase, by suppressing their promoter activity. 

 Consistent with these observations, celecoxib also strongly inhibited osteoblast-
mediated mineralization. 

 These results suggest that celecoxib inhibits osteoblast maturation by 
suppressing Wnt target genes, and this could be the mechanism that NSAIDs 
inhibit bone formation and fracture healing.

Reviewer’s comment: These findings are consistent with the data outlined in the 
reference product label, which indicates that “Celecoxib at oral doses ≥150 mg/kg/day 
caused an increased incidence of ventricular septal defects, a rare event, and fetal 
alterations, such as ribs fused, sternebrae fused and sternebrae misshapen when 
rabbits were treated throughout organogenesis. No additional labeling is needed based 
on this article.

7. Effects of non-steroidal anti-inflammatory drugs on cell proliferation and death 
in cultured epiphyseal-articular chondrocytes of fetal rats (Chang JK et al., 
2006).
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In this in vitro study, the effects of NSAIDs [Non-selective NSAIDs, celecoxib, and 
(DFU, an analog of rofecoxib)] on proliferation, cell cycle kinetics, cytotoxicity and cell 
death of epiphyseal-articular chondrocytes of fetal rats were examined.

Key findings
 All the tested NSAIDs, except DFU, inhibited thymidine incorporation of 

chondrocytes at a concentration range (10−8 to 10−4 M) covering the theoretical 
therapeutic concentrations.

 Cell cycle was arrested by NSAIDs at the G0/G1 phase. Upon a 24 h treatment, 
LDH leakage and cell death (both apoptosis and necrosis) were significantly 
induced by the four non-selective NSAIDs in chondrocyte cultures. However, 
COX-2 inhibitors revealed non-significant effects on cytotoxicity of chondrocytes 
except higher concentration of celecoxib (10−4 M).

Reviewer’s comment: These findings are consistent with the data outlined in the 
reference product label, which indicates that “Celecoxib at oral doses ≥150 mg/kg/day 
caused an increased incidence of ventricular septal defects, a rare event, and fetal 
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alterations, such as ribs fused, sternebrae fused and sternebrae misshapen when 
rabbits were treated throughout organogenesis.” No additional labeling is needed based 
on this article.

8. Evaluation of the toxic effects of celecoxib on Xenopus embryo development 
(Yoon YH et al., 2018).

Celecoxib was both toxic and teratogenic in Xenopus embryos (frog embryo teratogenic 
assay), where it produced serious heart and vessel malformation by inhibiting vascular 
wall maturation and vascular network formation. In vitro studies using co-cultures of 
human umbilical vein endothelial cells and 10T1/2 cells demonstrated that celecoxib 
inhibited pericyte migration and differentiation into vascular smooth muscle cells.

Reviewer’s comment: The reference drug product label already states “Celecoxib at oral 
doses ≥150 mg/kg/day caused an increased incidence of ventricular septal defects.” 
None of the other nonclinical reproductive toxicology studies or juvenile animal studies 
described in the reference product label indicate an impact of the drug on heart 
development. However, NSAIDs do carry class labeling warning against risks for 
adverse effects on heart. The translatability of in vitro studies with frog embryos to 
humans is unknown. Taken together, no change to the current labeling regarding an 
impact of celecoxib on heart development is recommended at this time. 

9. Celecoxib impairs heart development via inhibiting cyclooxygenase-2 activity 
in zebrafish embryos (Xu DJ et al., 2011).

In this study, celecoxib exposure impaired heart development in zebrafish embryos by 
inhibiting COX-2 activity.

Reviewer’s comment: See comments for Reference 8 above. The translatability of in 
vitro studies with zebrafish embryos to humans is unknown. Taken together, no change 
to the current labeling regarding an impact of celecoxib on heart development is 
recommended at this time.

10.  Celecoxib restores angiogenic factor expression at the maternal-fetal 
interface in the BPH/5 mouse model of preeclampsia (Reijnders D et al., 2018).

The study aimed to characterize the mechanisms by which celecoxib (10 mg/kg by oral 
gavage at embryonic day 6.5) improves poor pregnancy outcomes in BPH/5 mice, a 
mouse model of preeclampsia. The results demonstrated that elevated COX-2 during 
implantation contributes to placental angiogenic factor imbalances in the BPH/5 mouse 
model of preeclampsia (a hypertensive disease of pregnancy).

Reviewer’s comment: These findings are not adverse; therefore, no change to the 
current labeling is warranted.
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11.Defects in mouse nephrogenesis induced by selective and non-selective 
cyclooxygenase-2 inhibitors (Olliges A et al., 2011).

Olliges and colleagues report that classical NSAIDS such as diclofenac and naproxen 
cause similar or even stronger nephrodysgenesis than COX-2 inhibitors on postpartum 
kidney development in mice, from Postnatal Day 1 (PND 1) to PND 21. The impairment 
of postpartum kidney development, demonstrated by effects such as attenuation of 
kidney growth, reduction in size of glomeruli, increase in immature superficial glomeruli, 
thinning of subcapsular cortical mass and reduction in size of juxtamedullary glomeruli. 

Olliges and colleagues compared the impact of selective and nonselective NSAIDs on 
mouse nephrogenesis (Olliges A,Wimmer S and Nusing RM, 2011). These investigators 
treated C57BL/6J mice from postnatal day (PND) 1 to PND 21 with equipotent analgesic 
doses of various NSAIDs and examined kidney development histologically. The 
following drugs and doses were tested:

Comparison of the effects of selective NSAID treatments with COX-2 KO animal mouse 
kidney histomorphological endpoints suggested that blockade or KO of COX-2 resulted 
in a decreased kidney-to-body weight ratio, mean diameter of glomeruli, subscapular 
cortical thickness, and an increase in the relative amount of superficial glomeruli. In 
contrast, the selective COX-1 compound, SC-560, had no effect on these parameters 
nor did a modified celecoxib molecule with no activity at COX-2 (methyl-celecoxib or 
DMC), as summarized in the table below:
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Treatment with all drugs was demonstrated to reduced PGE2 synthesis in an ex vivo 
assay; however, the relative kidney-to-body weight effects were least pronounced with 
treatment via celecoxib and valdecoxib, the two selective COX-2 inhibitors. These data 
suggest that the nonselective NSAIDs actually produced greater renal effects than the 
selective COX-2 inhibitors (See “Figure 5” below). 
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Reviewer’s comment: The data suggest that specific COX-2 inhibition and nonselective 
COX inhibition via a variety of NSAIDs result in adverse effects on the developing 
kidney. The findings are consistent with changes associated with a recent class safety 
labeling change (SLC) for NSAIDs. The current reference product labeling of Celebrex 
under Section 8.1 states “In published animal studies, prostaglandin synthesis inhibitors 
have been reported to impair kidney development when administered at clinically 
relevant doses.” Therefore, no additional changes are recommended. See Integrated 
Summary. 

12.  Comparative analysis of pharmacologic and/or genetic disruption of 
cyclooxygenase-1 and cyclooxygenase-2 function in female reproduction in 
mice (Reese J et al., 2001).

In this study, the impact of commonly used NSAIDs or selective COX-1 or COX-2 
inhibitors on the reproductive potential of wild-type and COX-deficient mice was 
evaluated. Celecoxib, a COX-2 inhibitor, was tested at 0 to 600 mg BID. The COX-1 
selective inhibitor had little effect on implantation, whereas celecoxib (600 mg/kg BID; 
26 times the MRHD of 224 mg on a mg/m2 basis) by oral gavage for 4 days before the 
induction of superovulation) interfered with ovulation, fertilization and implantation in the 
mouse. NSAIDs were more detrimental to implantation than the COX-selective 
inhibitors.
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Reviewer’s comment: NSAID class labeling currently includes the statement ”published 
animal studies have shown that administration of prostaglandin synthesis
inhibitors has the potential to disrupt prostaglandin-mediated follicular rupture required 
for ovulation.” No additional labeling is considered warranted based on this article.

13.  Celecoxib-induced inhibition of neurogenesis in fetal frontal cortex is 
attenuated by curcumin via Wnt/β-catenin pathway (Wang R et al., 2017).

The objective of the present study was to examine the impact of celecoxib on fetal brain 
development and to investigate whether curcumin could ameliorate celecoxib-induced 
neurotoxicity. Pregnant mice, cultured neurons, and cultured neural progenitor cells 
were all treated with celecoxib with or without curcumin. 

 Pregnant C57 BL/6J mice were bred individually and were assigned randomly to a 
control group, a celecoxib group, or a celecoxib plus curcumin group at Embryonic 
Day 16.5 (ED 16.5). 

o The pregnant mice in the control group were treated with vehicle 
(physiological saline, 10 mL/Kg) from ED 16.5 to 17.5. 

o The mice in the celecoxib group were treated with physiological saline (10 
mL/Kg) containing celecoxib (prescription formulation, Pfizer, 30 mg/kg) from 
ED 16.5 to 17.5. (0.65 times of the MRHD of 224 mg on a mg/m2 basis). 

o For the intervention study, 500 nmol/kg curcumin was administered 
intraperitoneally to the pregnant mice once daily for 4 days (from ED 13.5 to 
16.5).

 Primary neural progenitor cells were divided into 2 groups: 
o Control group (DMSO only for 48 h), 

o Celecoxib group (50 mcM celecoxib in DMSO for 48 h). 

o For the intervention study, 20 mcM curcumin was administered to neural 
progenitor cells 2 h before the admiration of celecoxib.

The change in proliferation, differentiation and the activity of Wnt/β-catenin signaling 
pathway were then assessed.

Key findings
 Maternal administration of prenatal celecoxib in mice, induced detrimental effects 

on fetal brain development through attenuating Wnt/β-catenin signaling pathway 
and consequently inhibiting the expression of cyclin D1, which impaired the 
proliferation of the neural progenitor cells and reduced the production of newborn 
neurons in fetal frontal cortex. 
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 Treatment with curcumin significantly could attenuate the celecoxib-induced 
deficits in proliferation through activating the Wnt/β-Catenin pathway.
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Reviewer’s comment: This study demonstrated that celecoxib can decrease 
neurogenesis in the developing mouse brain, and specifically impact the frontal 
cortex based on in vivo studies. The impact on neurogenesis appears to occur via a 
Wnt/beta-catenin signaling mechanism based on in vitro studies using neural 
progenitor cells. While there are published articles (Nam SM et al., 2015) that 
provide supportive evidence that suggests COX-2 plays a role in regulation of 
neural stem cells, cell proliferation, and neuroblast differentiation, there is still 
limited information to definitively conclude that celecoxib impairs brain 
development. Of note, NSAIDs labels already include warnings that state “Use of 
NSAIDs during the third trimester of pregnancy increases the risk of premature 
closure of the fetal ductus arteriosus. Avoid use of NSAIDs in pregnant women 
starting at 30 weeks of gestation.” Human brain development begins around the 
third week of gestation so these findings may represent added risk to what is 
currently conveyed in labeling. However, the clinical significance of these results is 
not yet clear as there are still limited data available to corroborate these findings. 
Therefore, inclusion in labeling does not seem warranted at this time. Nonetheless, 
the Division will continue to monitor the literature for any additional data. 

14.  Anti-implantation effects of indomethacin and celecoxib in rats 
(Sookvanichsilp N and Pulbutr P, 2002). 

The aim of the study was to investigate the effect of indomethacin and celecoxib on 
implantation, endometrial vascular permeability, and uterine decidualization in rats in 
three separate studies. 

In the first experiment, indomethacin at doses of 2.5 and 5 mg/kg/day and celecoxib at 
doses of 40, 80, and 160 mg/kg/day were orally administered once daily to each group 
(n=8) on Days 3–5 of pregnancy (Day 1= sperm detection). The rats were sacrificed on 
Day 8 of pregnancy, and the number of implantation sites was recorded.

Indomethacin at a dose of 5 but not 2.5 mg/kg/day, significantly reduced the number of 
pregnant rats as well as the number of normal implantation sites, when compared with 
controls. Celecoxib at doses of 80 and 160 mg/kg/day, also exhibited a significant effect 
on implantation. A complete inhibition of normal implantation, however, was seen only in 
160 mg/kg/day celecoxib-treated rats. None of the NSAID treatments produced 
gastrointestinal bleeding as evaluated by stool observation.
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For the second experiment, indomethacin at an oral dose of 5 mg/kg/day as well as 
celecoxib at oral doses of 80 and 160 mg/kg/day (doses that caused a significant 
reduction in the proportion of pregnant rats in the first experiment) were given to rats 
once daily on Days 3 to 5 of pregnancy. To determine endometrial vascular 
permeability, these rats were given an intravenous injection of Evans blue dye in 0.9% 
sodium chloride solution via a tail vein in Gestation Day 6. Fifteen minutes after the 
Evans blue dye injection, the rats were killed. The uteri were examined for the presence 
of blue dye sites, which is indicative of increased endometrial vascular permeability. The 
number of blue dye sites in the uteri was recorded.
Indomethacin (5 mg/kg/day) and celecoxib (80 and 160 mg/kg/day) given on Days 3 to 
5 of pregnancy produced 30% reduction in the proportion of rats with blue dye sites. 

For the third experiment, pseudopregnant rats were used. To obtain the state of 
pseudopregnancy, the ovariectomized rats were treated by subcutaneous injections 
with the hormone regimen of estradiol-17β (E2) and progesterone (P4) at varying doses 
and duration. Decidualization was induced on Day 5 of pseudopregnancy by artificial 
deciduogenic stimulus, which was a unilateral intrauterine injection of sesame oil at the 
ovarian end of the uterus. On Days 3 to 5 of pseudopregnancy, the rats were 
administered orally once daily indomethacin or celecoxib at anti-implantation doses as 
indicated in table below. The rats were killed on Day 10 of pseudopregnancy, and uteri 
were then removed and weighed.

According to the author, indomethacin at a dose of 5 mg/kg/day as well as celecoxib at 
doses of 80 and 160 mg/kg/day could significantly reduce the proportion of pregnant 
rats; at these anti-implantation dosages, they exhibited no significant effect on 
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proportion of rats with blue dye sites in the endometrial vascular permeability study, but 
they did significantly reduce uterine decidualization. The author concluded that these 
findings support the role of prostaglandins on blastocyst implantation as demonstrated 
by both COX inhibitors indomethacin and celecoxib interfering with normal blastocyst 
implantation. The anti-implantation effect of COX inhibitors could principally be the 
result of decidualization defects. 

Reviewer’s comment: Note that in this article, post-implantation loss was not examined. 
Three end points were evaluated in rats: implantation, endometrial vascular 
permeability, and uterine decidualization. In this study there is no mortality or clinical 
sign reported. However, it was mentioned that indomethacin and celcoxib produced no 
gastrointestinal bleeding as evaluated by stool observation.
This study is not a strong study to show the effect of these two NSAIDs on pre-
implantation loss because the pre-implantation loss also takes into consideration the 
number of lutea released and in this study luteal spots were not evaluated. 

The number of normal implantation sites was shown to be reduced with celecoxib at a 
dose of 80 and 160 mg/kg and no effect was seen with a 40 mg/kg dose. However, in 
Shafiq 2004 article at the dose of 40 mg/kg, celecoxib was shown to significantly 
increase pre-implantation loss; the possible explanation for this difference, would be 
that in the Shafiq study the drug was administered from days 1 to 7 of pregnancy. 
Therefore the dose, duration and time of administration of an NSAIDs during pregnancy, 
plays an important role in pre- and post-implantation loss.

In regards to the endometrial vascular permeability study, although there is no statistical 
difference between vehicle and treated groups, the 30% reduction in blue dye sites is 
biologically significant and is in agreement with similar results from Kennedy et al (1977) 
which supports an effect on endometrial vascular permeability.

As evidence by the above information, PGs inhibition can reduce endometrial capillary 
permeability and reduce uterine decidualization which suggests that NSAIDs could 
interfere with blastocyst implantation.
Reviewer’s comments: The study is consistent with current labelling indicating
published animal studies have shown that administration of prostaglandin synthesis
inhibitors has the potential to disrupt prostaglandin-mediated follicular rupture required
for ovulation. No additional labeling is considered warranted based on this article.

15.  Comparison of nonselective cyclo-oxygenase (COX) inhibitor and selective 
COX-2 inhibitors on preimplantation loss, postimplantation loss and duration 
of gestation: an experimental study (Shafiq N et al., 2004). 

The aim of this study is to compare three COX inhibitors, indomethacin, nimesulide and 
celecoxib, in regard to pre-implantation loss, post-implantation loss and duration of 
gestation in Wistar rats. Vehicle (not mentioned which kind of vehicle), indomethacin 
(2.5 and 10 mg/kg), nimesulide (10 and 40 mg/kg) and celecoxib (10 and 40 mg/kg) 
were administered by gavage daily from Gestation Days 1–7 for pre-implantation loss 
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studies and from Gestation Day 13 to completion of gestation for post-implantation and 
duration of gestation studies. Number of animals in each group was six. 

The higher doses of the three drugs were shown to increase pre-implantation loss 
significantly, while all the doses of three drugs produced a significant increase in post-
implantation loss. Number of animals crossing upper limit of 23-day normal gestation 
period in rats was increased in the higher doses. At comparable dose levels, there was 
no significant difference among the three drugs.
Pre-implantation loss was calculated as follows: Number of luteal spots - number of 
implantation sites

Mean preimplantation loss in various treatment groups. *p < 0.05, comparison made with vehicle-
treated group; **p < 0.05, comparison made with lower dose of the same drug.

Post-implantation loss was calculated as: Number of implantation sites - number of 
pups delivered

Mean post-implantation loss in various treatment groups. *p < 0.05, comparison made with 
vehicle-treated group; **p <0.05, comparison made with of the same drug.
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Reviewer’s comment: In this study, animals were dosed appropriately for the evaluation 
of pre- and post implantation loss studies (from Gestation Days 1–7 for pre-implantation 
loss studies and from Gestation Day 13 to completion of gestation for post-
implantation). However, in this study, there was no detailing of the number of luteal 
spots, implantation sites or pups delivered to be able to calculate the percentage of pre-
and post implantation loss. In this study the mean of pre- and post implantation loss was 
calculated and for comparisons, analysis of variance followed by post-hoc Shaeff’s test 
was used. The other weakness of this study is that there is no mortality or clinical signs 
reported to be able to evaluate the influence of maternal toxicity (if there was any) in 
pre- and post-implantation loss studies.
Although the results of this study shows that indomethacin, nimesulide, and celecoxib 
can cause pre- and post-implantation loss, it is difficult to judge based on the poor 
quality of reports provided in this article.
The MRHD for celecoxib in SEGLENTIS is 224 mg/day (6.7 mg/kg in 60 kg human). 
The increase pre-implantation loss occurred at dosage of 40 mg/kg (1.7 times the 
MRHD of 224 mg on a mg/m2 basis), the increased post-implantation loss occurred at 
dosages of 10 and 40 mg/kg (0.4 to 1.7 times, respectively, the MRHD based on a 
mg/m2 basis). 
Note that nimesulide is not an approved drug in the U.S.

Reviewer’s comments: The study is consistent with current labelling indicating
published animal studies have shown that administration of prostaglandin synthesis
inhibitors has the potential to disrupt prostaglandin-mediated follicular rupture required
for ovulation. No additional labeling is considered warranted based on this article.

16.Effect of maternal administration of selective cyclooxygenase (COX)-2 
inhibitors on renal size, growth factors, proteinases, and COX-2 secretion in 
the fetal rabbit (Hartleroad JY et al., 2005).

This study examined the effects of maternal administration of a selective COX-2 
inhibitor, celecoxib (30 mg/kg, 2.6 times the MRHD of 224 mg on a mg/m2 basis) from 
13 to 20 days gestation, on levels of VEGF and its soluble receptors, MMPs and their  
tissue inhibitors, and COX-2 protein in fetal kidney homogenates. According to the 
author, although no decrease in renal levels of VEGF, MMP-2, or COX-2 were found, a 
significant decrease in renal MMP-9 levels was found. Additionally, there were not any 
difference in fetal kidney weights or kidney morphometry. It is also not clear from the 
present study how different durations of treatment or medication dosages may affect our 
results.

Reviewer’s comment: Even though this article does not demonstrate significant adverse 
findings in developing kidney, there are more recent articles that have demonstrated 
specific COX-2 inhibition and nonselective COX inhibition via a variety of NSAIDs 
results in adverse effects on the developing kidney. The current labeling of Celebrex 
under Section 8.1 indicates that “In published animal studies, prostaglandin synthesis 
inhibitors have been reported to impair kidney development when administered at 
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clinically relevant doses.” Therefore, no additional changes are recommended in this 
regard. See Integrated Summary.

17.  Response of fetal prostanoids, nitric oxide, and ductus arteriosus to the 
short- and long-term antenatal administration of celecoxib, a selective cyclo-
oxygenase-2 inhibitor, in the pregnant rabbit (Hausman N et al., 2003).

In this preliminary study, pregnant rabbits received celecoxib (30 mg/kg/day, 2.6 times 
the MRHD of 224 mg on a mg/m2 basis) from 13 to 20 days, from 13 to 28 days, or 
vehicle from 13 to 28 days by gavage. Short- and long-term treatment with celecoxib did 
not negatively affect ductus arteriosus patency.

Reviewer’s comment: These findings are not adverse and doesn’t identify any risk; 
therefore, no change to the current labeling is warranted.

18.  Antenatal administration of celecoxib, a selective cyclooxygenase (COX)-2 
inhibitor, appears to improve placental perfusion in the pregnant rabbit 
(Hausman N et al., 2003).

The same dose and duration as in the previously described study by Hausman et al. 
(2003) was tested in pregnant rabbits. Fetal body weight, placental weight, and indices 
of fetal linear growth were used as surrogates for adequate placental function. Body and 
placental weights were comparable in both the treated and control groups. With respect 
to markers of linear growth, while fetal tibia and ear lengths were not changed by 
celecoxib administration, long-term drug exposure (13 to 28 days) appeared to effect a 
significant increase in tail length. Maternal antenatal administration of therapeutic doses 
of celecoxib results in normal fetal growth and development, increased placental 
vasodilators, a decrease in the placental vasoconstrictor TxB2 and a substantial 
decrease in the incidence of intrauterine fetal demise.

Reviewer’s comment: These findings are not adverse. The increased tail length does 
not appear to be clinically relevant. No change to the current labeling is warranted.

19.  Effect of the antenatal administration of celecoxib during the second and third 
trimesters of pregnancy on prostaglandin, cytokine, and nitric oxide levels in 
rabbits. Am J Obstet Gynecol (Hausman N et al., 2003).

Using the same dosage regimen in pregnant rabbits, preterm delivery occurred in 4 of 
11 controls, and in 0 of the celecoxib groups. Celecoxib appeared to reduce certain 
proinflammatory prostanoids and cytokines and nitric oxide.

Reviewer’s comment: The study did not identify effects that would warrant changes to 
the current labeling.
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20.  Differential regulation of prostacyclin and thromboxane by dexamethasone 
and celecoxib during oxidative stress in newborn rabbits (Ozaki N et al., 2002).

This study in newborn rabbits examined celecoxib as a therapeutic alternative to 
dexamethasone (Dex) for oxygen-induced injury in the newborn. Treatment with 
celecoxib or Dex during hypoxia for 4 days, both decreased 8-epi-PGF2alpha during 
hyperoxia and the recovery period. Dex increased 6-ketoPGF2alpha following 
hyperoxia, while similar increments were noted during recovery with celecoxib. Although 
TxB2 was decreased only during the recovery period, TxB2/6-ketoPGF1alpha ratio was 
lower during hyperoxia and recovery in both treated groups. The effect of celecoxib on 
8-epi-PGF2 and TxA2/PGI2 ratio confirm the formation of a COX-derived F2-
isoprostane that is possibly linked to TxA2 receptors.

Reviewer’s comment: The study did not identify effects that would warrant changes to 
the current labeling.

21.Renal effects of cyclooxygenase-2 inhibition in fetal lambs (Kajino H et al., 
2002).

Late gestation fetal lambs were infused intravenously with a biologically inactive prodrug 
of celecoxib. High-dose celecoxib (plasma concentration 1.4 mcg/mL, associated with 
400 mg/day in humans), but not low-dose celecoxib (0.47 mcg/mL associated with 200 
mg/day in humans), caused a significant decrease in urine volume, free water 
clearance, arterial pH, and an increase in blood lactate compared with the control 
group. There were no significant differences in creatinine clearance, fractional excretion 
of sodium and potassium, or in renal blood flow between the 3 groups.

Reviewer’s comment: The findings are consistent with existing class labeling for 
NSAIDs and the current labeling of Celebrex under Section 8.1 which indicates that 
“Use of NSAIDs, including celecoxib, can cause premature closure of the fetal ductus 
arteriosus and fetal renal dysfunction leading to oligohydramnios and, in some cases, 
neonatal renal impairment.”

22.Cyclooxygenase-2 inhibitors constrict the fetal lamb ductus arteriosus both in 
vitro and in vivo (Takahashi Y et al., 2000).

Celecoxib decreased PGE2 and 6ketoPGF1alpha production in vitro and constricted the 
isolated ductus in vitro. In fetal lambs, celecoxib produced both an increase in pressure 
gradient and resistance across the ductus; celecoxib also decreased fetal plasma 
concentrations of PGE2 and 6ketoPGF1alpha.

Reviewer’s comment: The findings are consistent with existing class labeling for 
NSAIDs and the current labeling of Celebrex under Section 8.1 which indicates that 
“Use of NSAIDs, including celecoxib, can cause premature closure of the fetal ductus 
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arteriosus and fetal renal dysfunction leading to oligohydramnios and, in some cases, 
neonatal renal impairment.”

11 Integrated Summary and Safety Evaluation
NDA 213426 was submitted via the 505(b)(2) pathway relying, in part, on the Agency’s 
previous findings of safety of the listed drugs Ultram (NDA 020281, approved 1995) and 
Celebrex (NDA 020998, approved 1998) for tramadol and celecoxib, respectively. The 
Applicant established a scientific bridge via bioavailability studies to rely on the systemic 
safety of the reference products for the individual active ingredients, tramadol and 
celecoxib. The Applicant also conducted new pharmacodynamics, pharmacokinetics 
and toxicology studies, which included a 4-week repeat-dose oral toxicity study in rats 
and an embryo-fetal development oral toxicity study in rabbits testing E-58425, which is 
the tramadol and celecoxib cocrystal. Refer to the first cycle nonclinical review in 
DARRTS dated June 6, 2020 for detailed discussion of these studies.

A GLP 28-day repeat-dose toxicology study with a 2-week recovery period was 
conducted in rats, evaluating 20, 40, and 85 mg/kg/day E-58425 as well as doses of 
tramadol at 37.4 mg/kg/day and celecoxib at 47.6 mg/kg/day, which are equivalent to 
their respective dose levels at the HD of E-58425. Absorption of both tramadol and 
celecoxib was higher in females than males following administration in all treatments of 
the co-crystal compared to the individual treatment arms, and AUC values for celecoxib 
were higher in HD E-58425 females than celecoxib only treated females. Mortality, 
characterized by severe focal/multifocal ulceration in jejunum with perforation and signs 
of peritonitis, was observed in 5/10 HD E-58425 females and 1/10 celecoxib females. 
Although no mortality was observed in males, vacuolation and increased inflammatory 
infiltrate in submucosa of the stomach was observed with increased incidence and 
severity in MD and HD E-58425-treated and celecoxib-treated rats. Additionally, one HD 
E-58425 male exhibited mononuclear cell focus/foci with myocyte necrosis in the heart. 
The gastrointestinal toxicity observed is consistent with the known toxicological profile of 
celecoxib (Blackler R et al., 2012), and notably, was observed in rats treated with 
celecoxib alone but not tramadol. The cardiac toxicity was likely related to the celecoxib 
component of the E-58425 treatment as celecoxib has been shown in vitro to induce 
necrosis in cardiac myocytes (Sakane KK et al., 2014). Although treatment-related 
effects were observed in male rats at the MD and HD, ulceration of the stomach and/or 
jejunum was only observed in HD female and celecoxib-treated rats so the NOAEL was 
determined to be the HD, 85 mg/kg/day, for males and the MD, 40 mg/kg/day, for 
females. Notably, although the NOAEL for males is more than double in dosage 
compared to females, the toxicokinetic parameters associated with the HD in males and 
the MD in females are nearly identical for tramadol, O-desmethyltramadol (M1), and 
celecoxib. 

The Applicant conducted a GLP study aimed at investigating the effects of co-crystal E-
58425 on the embryonic and fetal development of the rabbit when administered during 
the period of organogenesis. Co-crystal E-58425 was administered orally (by gavage) to 
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pregnant female New Zealand White rabbits (22 animals/group) at doses levels of 30, 
55, or 100 mg/kg/day from Day 6 to Day 18 of gestation, inclusive. In brief, there was a 
slight increase in the incidence of post-implantation loss due to an increase in the 
number of early intrauterine deaths at the 100 mg/kg/day dose level, which was a dose 
that cause maternal toxicity. There were also major skeletal abnormalities including 
scoliosis and defects of the vertebral column observed at all doses of E-58425. These 
findings appear attributable to celecoxib as they are consistent with effects described in 
the Celebrex label. The NOAEL for maternal toxicity and embryofetal toxicity is 55 
mg/kg/day (approximately 3.3 and 0.02 times the MRHD of celecoxib and tramadol, 
respectively, on an AUC basis).

In addition, as part of the requirement under the Pregnancy Lactation and Labeling Rule 
(PLLR), a review and summary of available published literature regarding the potential 
effects of tramadol and celecoxib use on pregnancy, lactation, and effects on female 
and male fertility was provided and the articles were included in this resubmission (SDN 
27). A discussion of noteworthy findings from the published literature is discussed below 
with the reviewer’s recommendations to add to the proposed labeling for SEGLENTIS. 

Tramadol: 
Effect of Tramadol on Male Reproductive Tissues. Tramadol was studied in a GLP 
male fertility study in the rat model and there was no evidence of an adverse effect on 
fertility endpoints in the study as indicated by the referenced product labeling. Several 
published studies, however, report adverse effects of tramadol on male reproductive 
tissues (Abdellatief RB,Elgamal DA and Mohamed EE, 2015;Ahmed MA and Kurkar A, 
2014;Attia AM,Bakry OA,Yassin H,Sarhan N,Samaka R and Gamal N, 2018;Ceccarelli 
I,De Padova AM,Fiorenzani P,Massafra C and Aloisi AM, 2006;El Shal EB and Selim 
MMH, 2015;Ghoneim FM,Khalaf HA,Elsamanoudy AZ and Helaly AN, 2014;Ibrahim MA 
and Salah-Eldin AE, 2019;Nna VU and Osim EE, 2017;Olivier JD,Esquivel Franco 
DC,Oosting R,Waldinger M,Sarnyai Z and Olivier B, 2017). Histopathology data in 
rodents are likely a more sensitive indicator of potential adverse effects on human male 
reproductive capacity than fertility studies given the significantly higher fertility of male 
rats compared to humans. Of note, presumably there were no adverse effects on 
testicular tissues in the GLP chronic toxicity studies conducted to support the innovator 
product based on the fact that such findings are not described in the approved 
referenced product labeling and the drug was approved for use. Of note, current class 
labeling for opioids does indicate that “chronic use of opioids may cause reduced 
fertility” based on human data and the proposed labeling contains the statement 
“Chronic use of opioids may cause reduced fertility in females and males of 
reproductive potential. It is not known whether these effects on fertility are reversible.” 
The published nonclinical studies suggest that the effects in males may be due to 
testicular and epididymal damage and therefore reinforce and elaborate on the 
conclusions of the existing human data. Likewise, the opioid labels have been updated 
to include the risk of adverse effects on the endocrine system. Specifically, Section 12 
includes the following labeling describing the potential risk related to hypogonadism:

Effects on the Endocrine System
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Opioids inhibit the secretion of adrenocorticotropic hormone (ACTH), 
cortisol, and luteinizing hormone (LH) in humans. They also stimulate 
prolactin, growth hormone (GH) secretion, and pancreatic secretion of 
insulin and glucagon [see Warnings and Precautions (5.11); Adverse 
Reactions (6)].

Chronic use of opioids may influence the hypothalamic-pituitary-gonadal 
axis, leading to androgen deficiency that may manifest as low libido, 
impotence, erectile dysfunction, amenorrhea, or infertility. The causal role 
of opioids in the clinical syndrome of hypogonadism is unknown because 
the various medical, physical, lifestyle, and psychological stressors that 
may influence gonadal hormone levels have not been adequately 
controlled for in studies conducted to date [see Adverse Reactions (6)].

Given that comparable findings have been reported in multiple separate studies, it 
seems warranted to include statements in Sections 8.3 and 13.1 of labeling as follows. 

Section 8.3

Published studies in adult male rodents report that tramadol, at clinically 
relevant doses, can produce adverse effects on male reproductive 
hormones and tissues [See Nonclinical Toxicology (13.1)]. 

Section 13.1

However, published studies report that treatment of adult male rats with 
tramadol (40 mg/kg, IP and SC for 30 and 60 days, respectively, 2.2 times 
the MRHD based on a mg/m2 basis; or 4.5 to 135 mg/kg, SC for 18 weeks, 
0.2 to 7.4 times the MRHD based on a mg/m2 basis) produced adverse 
effects on male reproductive hormones and male reproductive tissues.

Effect of Tramadol on the Developing Brain. Several published reports suggest that 
prenatal tramadol administration to pregnant animals can have an adverse impact on 
the developing brain. Specifically, Abdoulhoda and Hassan (2018) reported that 
treatment of pregnant rats with tramadol at 2.8 times the MRHD of 176 mg (BSA) 
adversely impacted cerebellar development of male offspring. The endpoints examined 
in the study expand upon those that would be tested in the standard pre- and postnatal 
development studies (PPND). As noted by the referenced product labeling, the only 
adverse effects noted in the GLP PPND study was decreased pup weights; however, it 
is not clear from the labeling what functional endpoints may have been included in those 
studies and detailed histopathology of the CNS is not usually conducted in these 
studies. Of note, decreased pup survival was noted in that study at 4.4 times the MRHD 
of 176 mg already suggesting significant concern for doses between 2.8 and 4.4 the 
clinical dose. The results of Abhoulhoda and Hassan appear to report more significant 
adverse effects at a lower exposure than the current labeling. As noted above, the 
findings from this single study are hard to interpret to inform labeling given the 
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limitations of published studies (e.g., not GLP, only males, single laboratory, no raw 
data, lack of functional evaluations, single dose). As such, we normally consider the 
need for additional supportive data to help determine if results from published studies 
should be considered adequately rigorous and robust to inform labeling. Of the studies 
noted in this review, we note that Gholami et al. (2020) reported that prenatal tramadol 
treatments at clinically relevant doses altered CNS functional endpoints in the offspring. 
These effects do not report on the same endpoints as the Abhoulhoda and Hassan 
study and thus do not show direct replication of the findings. Likewise, a study by 
Hussein et al. (Hussein OA et al., 2020) reported adverse effects of comparable doses 
of tramadol on 3-week old animals suggesting the potential impact of tramadol on the 
developing brain. However, given the difference in the developmental stage of these 
animals, this study cannot be considered a replicate of the findings from Abhoulhoda 
and Hassan.

The effects reported in both publications may be due to the effects of tramadol on opioid 
and/or serotonergic systems. There are numerous published studies that suggest that 
prenatal opioids can have adverse effects on the CNS of offspring. Many of these 
findings, despite being from published literature, are currently described in the labeling 
for several opioid drug products (e.g., morphine and methadone drug product labeling 
includes neurochemical changes and neurotoxicity findings that are based entirely on 
published literature). Recently, published studies reporting adverse effects of 
oxycodone on the developing CNS have also been included in drug product labels. In 
contrast to morphine and methadone, there are fewer published studies reporting 
prenatal effects of tramadol on the developing brain. However, the findings reported in 
the relatively few tramadol studies to date are consistent with findings already noted in 
other opioid labeling, which does support their biological plausibility even though only a 
few papers have been published to date. Including these findings in labeling would help 
indicate that tramadol is not likely any safer than other opioids in terms of prenatal 
effects.

Overall, this review team believes it is warranted to include in labeling the structural 
abnormalities on the post-natal brain. We recommend modifying the proposed language 
in Section 8.1 of labeling as follows. 

Risk summary:
In a published study, structural abnormalities in the brains of offspring 
were reported when tramadol was administered to pregnant female 
Sprague Dawley rats from Gestation Days 10 to 21 at 2.7 times the 
MRHD. 

Animal data:
In a published study, oral administration of 50 mg/kg tramadol (2.7 times 
the MRHD of tramadol at 176 mg on a mg/m2 basis) to pregnant female 
rats from Gestation Days 10 to 21 caused structural abnormalities in the 
brains of the offspring.
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Celecoxib:
As noted above and in the current class labeling for NSAIDs, all NSAIDs have
nonclinical class labeling in Section 8 as part of the risk summary:

Based on animal data, prostaglandins have been shown to have an important 
role in endometrial vascular permeability, blastocyst implantation, and 
decidualization. In animal studies, administration of prostaglandin synthesis 
inhibitors such as [active moiety], resulted in increased pre- and post-
implantation loss. Prostaglandins also have been shown to have an important 
role in fetal kidney development. In published animal studies,
prostaglandin synthesis inhibitors have been reported to impair kidney 
development when administered at clinically relevant doses.

No additional information from the published literature on celecoxib are recommended 
for the SEGLENTIS label.
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Executive Summary

1.1 Introduction

NDA 213426 was submitted by Esteve to seek marketing approval of TRADENAME 
(Celecoxib and Tramadol, Tablets), also referred to as E-58425 during development, for 
“the management of acute pain in adults that is severe enough to require an opioid 
analgesic and for which alternative treatments are inadequate”.  The product is a fixed-
dose combination containing two active substances, racemic-tramadol HCl and 
celecoxib formulated as a co-crystal.  TRADENAME is a 100 mg immediate release 
tablet containing 44 mg of racemic-tramadol HCl and 56 mg of celecoxib as the active 
pharmaceutical ingredients (API).  The maximum recommended human dose (MRHD) 
of TRADENAME is two 100 mg tablets every 12 hours as needed resulting in 400 
mg/day (i.e., 176 mg/day of racemic-tramadol HCl and 224 mg/day of celecoxib).

This NDA was submitted through the 505(b)(2) regulatory pathway relying, in part, upon 
the FDA’s previous findings on the safety and effectiveness of the two listed drugs 
Ultram® and Celebrex®.  The NDA for Ultram (tramadol HCl) tablets (NDA 20281) was 
approved March 3, 1995.  The NDA for Celebrex (celecoxib) capsules (NDA 20998) 
was approved December 31, 1998.  The MRHDs for both Ultram and Celebrex are 400 
mg per day.  Thus, the maximum daily dose of tramadol and celecoxib at the MRHD of 
TRADENAME are within the referenced drugs.  In addition to reliance on the Agency’s 
previous findings for these two NDAs, the Applicant conducted nonclinical studies with 
the co-crystal formulation including pharmacodynamic, pharmacokinetic, a 4-week 
repeated-dose oral toxicity study in rats, and an embryo-fetal development toxicity study 
in rabbits.
During the advisory committee (AC) meeting on January 15, 2020, AC members raised 
concerns regarding the potential risk of misuse and abuse of the tramadol-celecoxib 
product by the intravenous route.  On February 13, the review division sent an 
information request to the Applicant to provide a risk assessment for their drug product, 
which addresses the potential toxicities related to both the active and inactive 
ingredients, should it be administered into the intravascular space.  The request noted 
that the risk assessment should be based on a dose of intravenous tramadol most likely 
administered intravenously by individuals who misuse tramadol products in this manner.  

The Applicant submitted an amendment to address this concern on March 2, 2020.  
Because this was considered a major amendment, the Agency extended the review 
clock by three months. 

1.2 Brief Discussion of Nonclinical Findings
Tramadol is believed to have at least two complimentary mechanisms of action: binding 
of the parent and M1 metabolite to mu-opioid receptors and weak inhibition of re-uptake 
of norepinephrine and serotonin.  The mechanism of action of celecoxib is believed to 
be due to inhibition of prostaglandin synthesis, primarily via inhibition of 
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cyclooxygenase-2 (COX-2).  E-58425 has been demonstrated in nonclinical studies to 
produce antinociception in several pain models.  Several nonclinical studies were 
submitted to characterize the potential for additive or synergistic effects of these two 
active ingredients.

In the GLP 4-week repeat-dose oral toxicity study in rats, the dose limiting toxicity of E-
58425 were GI effects (focal/multifocal ulceration and perforation), likely related to 
celecoxib exposure.  The rate and extent of systemic exposure to celecoxib, tramadol 
and O-desmethyltramadol (M1) was generally higher in female than in male rats.  The 
higher toxicity and mortality in females are consistent with the higher systemic exposure 
to celecoxib attained after E-58425 high-dose administration and an equivalent dose of 
celecoxib alone. The NOAEL of the study is 40 mg/kg/day of E-58425, which is 
approximately 11- and 17-times the celecoxib dose level at the MRHD of TRADENAME 
based on Cmax and AUC comparison, respectively, and approximately 2- and 0.3-times 
the tramadol dose level at the MRHD base on Cmax and AUC comparison, respectively.  
Although adequate coverage for tramadol based on AUC was not provided by the rat 
study, as noted above the tramadol component of the proposed clinical dosing regimen, 
i.e., 166 mg/day, is well within the reference product’s labeled MRHD of 400 mg/day.  In 
addition, the toxicities observed in the pivotal nonclinical rat toxicity study were 
consistent with the known toxicological profile of celecoxib.  

The GLP embryo-fetal development toxicity study testing the co-crystal showed a 
marginal increase in the number of fetuses showing scoliosis, at an oral dose of 100 
mg/kg/day.  The NOAEL for maternal and embryo-fetal toxicity was 55 mg/kg/day, 
which is approximately 5- and 0.02-times the celecoxib and tramadol dose level, 
respectively, at the MRHD of TRADENAME based on AUC comparison.  In the 
referenced animal studies, the individual components of co-crystal E-58425, celecoxib 
and tramadol, have been associated with teratogenic effects and to embryonic and fetal 
toxicity, respectively.  Celecoxib has been reported to produce increased diaphragmatic 
hernias in rats and ventricular septal defects, fused ribs and misshapen sternebrae in 
rabbits (Celebrex). Tramadol has been associated with embryotoxic and fetotoxic 
effects, but not teratogenicity, at maternal toxic doses, with fetal findings of increased 
supernumerary ribs, reduced fetal weight and skeletal ossification in both rats and 
rabbits (Ultram).  

In accordance with the agreed iPSP, the Applicant will conduct rat juvenile animal 
toxicity studies to support clinical trials in adolescents of ≥ 12 – < 17 years of age to 
assess the potential for adverse neurodevelopmental effects of E-58425.  These studies 
may be completed post-approval. 
At the Agency’s request, the Applicant provided their assessment regarding risks of IV 
abuse.  The risk assessment is based on several key conclusions, including their 
position that tramadol is not likely to be misused via the intravenous route because the 
main opioid activity is due to the M1 metabolite, which would be formed in the liver at 
higher levels via the oral route of abuse.  The Applicant further concludes that doses of 
tramadol likely to be abused intravenously would be limited by toxicity, given the risk of 
seizures at high exposures.  They estimate that the dose would likely be between 100 
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and 200 mg and based their risk assessment on a maximum dose of 220 mg.  As per 
the Applicant, to obtain this dose, a total of 5 tables would have to be extracted into 5 
mL of water.  The nonclinical team defers to the controlled substance staff and clinical 
review teams on the validity of these conclusions as these are based on data in 
humans.  
The Applicant evaluated the existing data on the potential toxicity of each excipient in 
the drug product.  The correctly noted that there are little to no IV toxicology data for 
most oral drug product excipients.  They did note that many of the excipients are not 
water soluble or have limited solubility in water.  As an immediate-release (IR) drug 
product does not require extensive manipulation to obtain the opioid, this is a 
reasonable solvent and manipulation condition to evaluate.  The argument that some 
excipients have limited solubility and are thus not likely to be present in syringeable 
material, although also reasonable, was not tested experimentally and therefore 
remains hypothetical.  Nonetheless, the Applicant notes that all of the excipients are 
commonly used in other FDA-approved oral opioid drug products and therefore the risk 
from intravenous misuse from this immediate-release drug product would be expected 
to be comparable to other approved products.
The above conclusions suggest the low potential for abuse via the IV route.  However, 
should the drug be manipulated for intravenous use, adverse effects could occur.  The 
risks are not expected to be greater than the risk from misuse of other immediate-
release oral opioid drug products.  

1.3 Recommendations

1.3.1 Approvability
From the nonclinical perspective, NDA 213426 may be approved with the 
recommended labeling revisions.  If not approved in this cycle, the comment below 
should be included in the action letter.

1.3.2 Additional Non-Clinical Recommendations
Although you have stated that you have conducted a literature search since the time of 
original approval of the referenced products to support PLLR labeling, described the 
search terms you employed, and concluded that there were no articles that further 
informed labeling, you did not identify the articles or provide an integrated synopsis to 
support your conclusion.  A search of common databases identified several articles that 
should be reviewed and considered, including:

 Aboulhoda BE, Hassan SS. Effect of prenatal tramadol on postnatal cerebellar 
development: Role of oxidative stress. J Chem Neuroanat 2018.

 Abdellatief RB, Elgamal DA, Mohamed EEM. Effects of chronic tramadol 
administration on testicular tissue in rats: an experimental study. Andrologia 2015  
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misuse and abuse of the tramadol-celecoxib product by the intravenous route.  On 
February 13, we sent the Applicant an information request to provide a risk assessment 
for their drug product that addresses the potential toxicities related to both the active 
and inactive ingredients should it be manipulated and administered into the 
intravascular space.  Also, the risk assessment should be based on a dose of 
intravenous tramadol most likely administered intravenously by individuals who misuse 
tramadol products in this manner.  

3 Studies Submitted

3.1 Studies Reviewed 
1. E-58425: Oral (Gavage) Embryo-Fetal Development Toxicity Study in the Rabbit 

(Study 83393)

2. E-58425: Oral (Gavage) Repeat Dose Tolerability Study in the Non-Pregnant 
Rabbit (Study 83324)

3. E-58425: Oral (Gavage) Dose Range-Finding Embryo-Fetal Development Study 
in the Rabbit (Study 83372)

4. E-58425: 28-Day Oral (Gavage) Toxicity Study in the Wistar Rat with a 2-Week 
Recovery Period. (Study 81915)

5. E-58425. 28-Day Oral (Gavage) Toxicity Study in the Wistar Rat with a 2-Week 
Recovery Period (Plasma levels and Toxicokinetic parameters) (Study 81983)

6. Effect of the Co-Crystal E-58425 on the Postoperative Pain Model of Paw 
Incision-Induced Mechanical Allodynia and Thermal Hyperalgesia in Rats (Study 
77496)

3.2 Studies Not Reviewed 

The following studies were reviewed but not formally reviewed in this document as proof 
of efficacy at this stage in development should be based on human data.

1. Effect of the co-crystal E-58425 on the acute visceral pain model of acetic acid-
induced abdominal writhing in mice. (Study 77493)

2. Effect of tramadol and celecoxib combinations (molar ratios 3:1 and 1:3) on the 
postoperative pain model of paw incision-induced mechanical allodynia and thermal 
hyperalgesia in rats. (Study 77496)

3. Effect of the co-crystal E-58425 on the monoarthritis pain model of carrageenan-
induced movement evoked pain and mechanical allodynia in rats. (Study 77690)
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4. Antiallodynic activity of EST58425.A vs. celecoxib and tramadol in the pain model 
of mono-iodoacetate (MIA)-induced osteoarthritis in rats. (Study 77494)

5. Effects of E-58425 on locomotor activity in rats. (Study 77498)

6. Effects of E-58425 on motor coordination in rats. (Study 77500)

7. Effects of E-58425 on intestinal transit in rats. (Study FGEN-18/01-SN)

8. Study of the gastric ulcerogenic activity of E-58425 in rats. (Study FGEN-18/02-SN)

9. Validation for E-8334 (tramadol) and its metabolite E-56949 (O-desmethyltramadol) 
and pharmacokinetic study of E-58425 in rats after single oral administration. 
(Study 77552)

10.Pharmacokinetic study in the beagle dog of different formulations of E-58425 
following oral administration. (Study 77554)

11.Pharmacokinetic study in the beagle dog of formulations of E-58425 and 
comparators following oral administration. (Study 77748)

3.3 Previous Reviews Referenced
N/A

4 Pharmacology

4.1 Primary Pharmacology
The pharmacological activity of the Celecoxib and Tramadol, Tablets in pain models is 
believed to result from four molecular mechanisms of action associated with pain: μ-opioid 
receptor agonism, inhibition of the neuronal reuptake of norepinephrine and serotonin 
(tramadol) and cyclooxygenase 2 (COX-2) inhibition (celecoxib).  As noted in the referenced 
product labeling, O-desmethyltramadol, the predominant pharmacologically active 
metabolite (M1) of tramadol, has a higher affinity for the μ-receptor (in both humans and 
animals) compared to its parent compound.

As stated in the application, “The analgesic efficacy and potency of the product, compared 
with tramadol and celecoxib, was evaluated in two rodent species (mice and rats) following 
acute treatment, in four different pain models: (1) visceral, (2) postoperative, (3) monoarthritis, 
and (4) osteoarthritis pain. Based on the quantified responses to pain in these models, the 
drug-interaction effect between tramadol and celecoxib within co-crystal E-58425 was 
determined using the isobolographic method of analysis (Merlos M et al., 2018).”
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As summarized in the Applicant’s table above, the data showed that the 
pharmacological activity of the E-58425 was additive in various rodent models of 
moderate to severe pain and supra-additive/synergistic in the nonclinical postoperative 
pain model.  An example of these studies is explained below.  However, evidence of 
additive or greater than additive effects of the drug in these nonclinical models may not 
directly translate into comparable effects in humans.  As such, these data are not 
appropriate for labeling.

Study Title: Effect of the Co-Crystal E-58425 on the Postoperative Pain Model of Paw 
Incision-Induced Mechanical Allodynia and Thermal Hyperalgesia in Rats (Study 
77496).

Key Study Findings
 Synergistic antinociceptive effects were observed in rats treated with E-58425, 

exceeding the expected additive effects of the individual tramadol and celecoxib 
components.

Methods 
A one cm incision was made in the paw of anesthetized rats and subsequently sutured 
closed.  Three hours after surgery, one of the test articles, E-58425, tramadol, or celecoxib, 
was administered orally in solid form as a capsule or intraperitoneally at 10 mL/kg 
(dissolved in a suspension of 0.5% hydroxypropyl methylcellulose in distilled water) at one 
of the following doses: 0, 0.625, 2.5, 10, or 40 mg/kg. Behavioral assessment of mechanical 
allodynia or thermal hyperalgesia was performed 1, 2, 3, 5, and 24 hours after test article 
administration.  Briefly, mechanical allodynia was quantified by recording whether or not a 
withdrawal response occurred in response to application of von Frey filaments of varying 
stiffness to the injured paw.  Thermal analgesia was assessed by measuring the latency of 
rats to remove their injured paw in response to an infrared photo beam thermal stimulus.  
ED50 values were calculated based on nonlinear regression analysis and drug-interaction 
analysis was performed via isobolographic analyses.
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Results
As described in the report, “Tramadol and celecoxib exerted dose-response antinociceptive 
effects on mechanical allodynia (ED50 = 5.4 and 3.0 mg/kg, respectively) and thermal 
hyperalgesia (ED50 = 8.3 and 2.6 mg/kg, respectively) (Figure 2.6.2-4A and Figure 2.6.2-
5A).  Co-crystal E-58425 also showed a dose-response antinociceptive effect on 
mechanical allodynia and thermal hyperalgesia, but at lower ED50 (ED50 = 2.0 and 2.3 
mg/kg for mechanical allodynia and thermal hyperalgesia, respectively) than tramadol and 
celecoxib (Figure 2.6.2-4B and Figure 2.6.2-5B).  Drugs demonstrated maximum efficacy 
(100%) in the tests, except celecoxib, which reached a maximum efficacy of 47% on 
thermal hyperalgesia.” 

As stated in the application, “Isobolographic analysis revealed significant difference in 
mechanical allodynia (p<0.05) between the experimental ED50 (Zt) and the theoretical ED50 
(Zadd), with an interaction index of “y = 0.5” (y = Zt/Zadd), indicating a synergistic/supra-
additive antiallodynic effect of tramadol and celecoxib when the co-crystal E-58425 was 
administered (Figure 2.6.2-6A). The anti-hyperalgesic effect of tramadol and celecoxib when 
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the co-crystal E-58425 was administered was also synergistic/supra-additive (p<0.001), as 
revealed by an interaction index <1 (y = 0.2) (Figure 2.6.2-6B).  To note that when drugs 
achieve different maximum effects the resulting isobole of additivity is hyperbolic (curvilinear), 
as shown for celecoxib on thermal hyperalgesia (Figure 2.6.2-6B), because individual dose-
effect curves reveal a non-constant potency ratio.”

Although these data do appear to suggest more than additive effects in this model, any 
claims for labeling should be based on human data.

4.2 Secondary Pharmacology
In the secondary pharmacodynamics studies, the effect of E-58425 was evaluated in 
models of CNS (locomotor activity and motor coordination) and gastrointestinal 
pharmacology (intestinal transit and ulcerogenic activity) to assess their effects on safety-
related pharmacodynamic parameters.  As summarized in the Applicant’s table below, the 
data showed that the effect observed with E-58425 on locomotor activity, motor 
coordination and Intestinal transit inhibition appeared to be tramadol dependent, with no 
significant interaction between tramadol and celecoxib.  Also, there is no major interaction 
of tramadol and celecoxib as it regards to ulcerogenic activity when the E-58425 was 
administered. 

Reference ID: 4619599



NDA 213426 Reviewer: Armaghan Emami, PhD

29

4.3 Safety Pharmacology
New dedicated safety pharmacology studies were not required to support this 
application given the long clinical history with the single entities and lack of expected 
overlap in toxicological profiles.

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME
Pharmacokinetic (PK) parameters were measured in single-dose studies in rats and 
dogs, GLP repeat-dose toxicity studies in rats and embryo-fetal toxicity study in rabbits 
to assessing plasma exposure to celecoxib, tramadol, and O-desmethyltramadol (M1, 
active metabolite).  The results are described in Section 6 General Toxicology and 
Section 9 Reproductive Toxicology Studies.
PK parameters were measured in clinical studies.  The table below, reproduced from 
the Application, shows PK parameters of plasma tramadol, M1 metabolite, and 
celecoxib in ESTEVE-SACO4-105 study after single and multiple oral administration 
(every 12 h) under fasting conditions of 2 x 100 mg Celecoxib and Tramadol, Tablets 
(88 mg of tramadol HCl and 112 mg of celecoxib).

Reference ID: 4619599





NDA 213426 Reviewer: Armaghan Emami, PhD

31

Key Study Findings 

 Mortality occurred in 5/10 female rats at the HD for E-58425 and in 1/10 female 
rats from the celecoxib toxicology group and 1/12 from the celecoxib 
toxicokinetics group. 

o The cause of death for all rats with unscheduled deaths in the toxicology 
groups was diagnosed by the study pathologist as severe focal/multifocal 
ulceration in jejunum with perforation and signs of peritonitis. 

o Unscheduled deaths were preceded by the following clinical signs: 
hunched back, abnormal gait, piloerection, and pallor. 

 Increased incidence and severity of the following stomach pathologies was 
observed at the MD and HD for E-58425 and celecoxib males: 

o Increased inflammatory infiltrate in submucosa 
o Vacuolation 

 Mononuclear cell focus/foci with myocyte necrosis in the heart was observed in 
1/10 HD E-58425 males.

 Cmax and AUC values for both tramadol and celecoxib were higher in females 
than males following administration of either the E-58425 co-crystal or tramadol 
or celecoxib alone.

 AUC for celecoxib was approximately 1.5-fold higher in females treated with HD 
E-58425 compared to celecoxib alone.

 The NOAEL for E-58425 in the study was determined to be the HD of 85 
mg/kg/day for males and the MD of 40 mg/kg/day for females based on mortality 
and ulceration of the stomach and jejunum observed in females at the HD.

Male NOAEL (85 mg/kg/day) TK Parameters: 
  Tramadol: Cmax: 800 ng/mL, AUC: 1,882 ng*h/mL 
  O-desmethyltramadol (M1):  Cmax: 468 ng/mL, AUC: 1,909 ng*h/mL
  Celecoxib: Cmax: 5,929 ng/mL, AUC: 99,247 ng*h/mL 

Female NOAEL (40 mg/kg/day) TK Parameters: 
  Tramadol: Cmax: 1022 ng/mL, AUC: 3002 ng*h/mL 
  O-desmethyltramadol (M1):  Cmax: 464 ng/mL, AUC: 1,995 ng*h/mL
  Celecoxib: Cmax: 5,346 ng/mL, AUC: 94,136 ng*h/mL 

Methods  
Doses: E-58425: 20, 40, 85 mg/kg/day 
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Tramadol HCl: 37.4 mg/kg/day 
Celecoxib: 47.6 mg/kg/day

Frequency of dosing: Once per day 
Route of administration: ORAL GAVAGE 
Dose volume: 10 mL/kg 
Formulation/Vehicle: 0.5% methylcellulose in distilled water + 1% 

Tween 80 
Species: RAT 
Strain: WISTAR 
Dedicated Juvenile Animal Study: N 
Number/Sex/Group: 10 for toxicology, 15 for toxicokinetics 

5 for recovery 
Age: 7-9 weeks at treatment start 
Weight: Males: 227-297 grams at treatment start 

Females: 173-217 grams at treatment start 
Satellite groups: Toxicokinetic evaluation group, 

Recovery groups (vehicle, E-58425 (HD only), 
tramadol HCl, and celecoxib) 

Unique study design: Additional tramadol HCl and celecoxib 
treatment arms were added as active 
comparators 

Deviation from study protocol: No significant deviations were reported 
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Mortality 
Rats were checked twice daily for mortality. 

Treatment-related mortality was observed in five rats treated with E-58425 at the HD 
and two rats treated with the equivalent dosage of celecoxib alone.  All five unscheduled 
deaths occurred in the E-58425 HD main toxicology group.  Four of these rats were 
found dead and one was sacrificed moribund for animal welfare reasons.  Of the two 
unscheduled deaths that occurred in the celecoxib-treated rats, one was in the main 
toxicology group and one was in the toxicokinetics group.  These unscheduled deaths 
were all preceded by clinical signs including hunched back, abnormal gait, piloerection, 
and pallor.  The cause of death for all rats with unscheduled deaths in the toxicology 
groups was diagnosed by the study pathologist as severe focal/multifocal ulceration in 
jejunum with peroration and signs of peritonitis. 

An additional unscheduled death occurred in one female rat from the E-58425 LD 
toxicokinetic group, but this death was considered related to blood extraction 
procedures. 
No unscheduled deaths occurred during the treatment or recovery periods in any of the 
recovery animals.

Clinical Signs 
Rats were observed for clinical signs once daily during acclimatization, twice daily 
(predose and 1 to 2 hours postdose) during the treatment period, and once daily on 
Days 1, 2, 3, 4, 8, and 14 of the recovery period.
Treatment-related clinical signs (e.g., hunched back, abnormal gait, decreased muscle 
tone, decreased motor activity, piloerection, pallor, prostration, respiratory difficulty, 
spasms, chromodacryorrhea, hypothermia, prostration) were observed in rats with 
unscheduled deaths in the E-58425 HD and celecoxib treatment groups.  Except for 
salivation prior to treatment administration was sporadically observed in 1 MD male and 
1 HD female on the last couple of days of the treatment period, no treatment-related 
clinical signs were observed in rats that survived until the time of their scheduled 
sacrifice. 

Body Weights 
Rats were weighed twice during the acclimatization period and then on Days 1, 4, 8, 11, 
15, 18, 22, 25, and 28 during the treatment period and on Days 1, 4, 8, 11, and 14 
during the recovery period. 
No statistically significant effects on body weight or body weight gain were observed in 
relation to E-58425, tramadol, or celecoxib treatment.  Slight decreases in body weight 
gain were observed on Day 28 in tramadol-treated male rats (9% decrease) and in 
female rats treated with either the HD E-58425 (30% decrease) or tramadol (13% 
decrease).  All three of these treatment groups also exhibited increased body weight 
gain during the recovery period, compared to control.

Reference ID: 4619599



NDA 213426 Reviewer: Armaghan Emami, PhD

34

Body Weights 
Rats were weighed twice during the acclimatization period and then on Days 1, 4, 8, 11, 
15, 18, 22, 25, and 28 during the treatment period and on Days 1, 4, 8, 11, and 14 
during the recovery period. 
No statistically significant effects on body weight or body weight gain were observed in 
relation to E-58425, tramadol, or celecoxib treatment.  Slight decreases in body weight 
gain were observed on Day 28 in tramadol-treated male rats (9% decrease) and in 
female rats treated with either the HD E-58425 (30% decrease) or tramadol (13% 
decrease).  All three of these treatment groups also exhibited increased body weight 
gain during the recovery period, compared to control.
Food Consumption 
Food consumption was recorded on Days 1, 8, 15, 22, and 28 during the treatment period 
and on Days 1, 8, and 14 during the recovery period. 
Food consumption was significantly decreased by approximately 16% from the first week of 
treatment onward in female rats treated with the HD of E-58425.  No other treatment-related 
effects were observed with respect to food consumption.
Ophthalmoscopy 
Observations were carried out using an indirect ophthalmoscope prior to dosing and during 
Week 4.  Cornea, lens, conjunctiva, sclera, iris, and fundus were observed. 
No abnormalities were observed. 

Hematology 
Blood samples were drawn from the retro-orbital plexus of all animals under light isoflurane 
anesthesia.  Animals were fasted overnight from food but not water prior to the drawing of 
blood.  Blood was drawn on the day after last treatment or on Day 15 of the recovery period. 
Values obtained for the E-58425 LD female rat that died during blood draw were excluded 
from analysis of group means.  Analysis was not performed on rats with unscheduled 
deaths.  No treatment-related effects were observed.

Clinical Chemistry 
Blood samples were drawn from the retro-orbital plexus of all animals under light isoflurane 
anesthesia.  Animals were fasted overnight from food but not water prior to the drawing of 
blood.  Blood was drawn on the day after last treatment or on Day 15 of the recovery period. 
Analysis was not performed on rats with unscheduled deaths.

A dose-dependent increase (32% to 41%) in cholesterol was observed in female rats 
administered E-58425.  Insignificant increases in cholesterol were observed in the tramadol 
(27%) and celecoxib (18%) treated female rats as well.  This effect is likely due to 
incidentally low cholesterol in the vehicle-treated female rats as it was not observed after 
recovery and the recovery vehicle-treated female rats displayed a 31% increase in 
cholesterol compared to the treatment period vehicle-treated females. 

No toxicologically relevant, treatment-related changes in clinical chemistry parameters were 
observed. 
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Urinalysis 
Urine was collected on the day after last treatment or on Day 15 of the recovery period.  
Analysis was not performed on rats with unscheduled deaths.  No treatment-related effects 
were observed.

Gross Pathology 
Animals were sacrificed for necropsy on Days 29, 30, and 31 of the treatment period or on 
Day 15 of the recovery period; however, all treatment period animals continued to receive 
treatment until the day before sacrifice.  Necropsies were also performed on all animals with 
unscheduled deaths, including the toxicokinetics cohort which was otherwise excluded from 
necropsy.  Full necropsies were performed and included the examination of the external 
surface of the body, all orifices, cranial, thoracic, and abdominal cavities as well as the 
observation of the organs both in situ and after evisceration.  The following tissues and 
organs were examined: 

Perforated jejunum was observed in all female rats with unscheduled deaths from the 
HD E-58425 and celecoxib treatment groups.  Additionally, yellowish, watery fluid 
content, adhesion/fusion between liver lobes, adhesions in the spleen, reddish/black 
discoloration of the mesenteric lymph nodes, reduced thymus size, and reddish 
discoloration of the stomach, duodenum, jejunum, ileum, cecum, colon, or pancreas 
were observed in some of these animals.
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NOTE:  One of the female E-58425 HD rats with an unscheduled death on Day 29 was 
included in the tabular listing of macroscopic findings.  Findings for this animal included 
stomach and cecum discoloration, jejunum perforation, fusion between liver lobes, 
enlarged adrenal glands, and reduced thymus size. 

Mandibular lymph node discoloration was observed in 1/10 male rats in the E-58425 
MD and HD groups as well as 3/10 male rats in the celecoxib treatment group.  Testes 
and epididymides were reduced in size in 1/10 male rats in the tramadol treatment 
group.  No treatment-related macroscopic findings were observed in male rats after 
recovery. 

Of the female rats from the E-58425 HD group without unscheduled deaths, kidney 
discoloration was observed in 2/5 animals.  Stomach, liver, and kidney discoloration 
were also observed after recovery in 1/5 female E-58425 HD rats (Table 17).  With the 
exception of kidney discoloration in 1/10 tramadol-treated females, these findings were 
not observed in any other treatment groups. 

Organ Weights 
The following organs were collected and weighed:

No treatment-related effects were observed.

Histopathology 
Adequate Battery: yes 
Peer Review: yes 

Histological Findings 
Slides of all organs and tissues listed above in macroscopic findings were collected at 
terminal sacrifice from the vehicle, E-58425 HD, tramadol, and celecoxib treatment 
groups were histopathologically evaluated.  Only the stomach and jejunum were 
histopathologically examined from the E-58425 LD and MD groups and the recovery 
groups.  Additionally, all tissues with gross lesions were histopathologically evaluated. 
Severe gastrointestinal pathology, characterized by ulceration/perforation of the 
stomach and jejunum, was observed in all five E-58425 HD female rats with 
unscheduled deaths as well as the one celecoxib-treated female rat from the toxicology 
group with an unscheduled death.  Secondary toxicities related to peritonitis or 
deterioration of overall conditions of these rats were also observed, e.g., hypertrophy of 
the zona fasciculata of adrenal cortices, lymphoid depletion in the spleen and 
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mesenteric lymph nodes, and septic foci of acute peritonitis in the jejunum, duodenum, 
ileum, cecum, colon, liver, pancreas, kidneys, uterus, adrenal glands, and spleen.  
Increased hemopoiesis was also observed in the bone marrow of one of the HD E-
58425 female rats with an unscheduled sacrifice, but this was considered secondary to 
the sever ulcers in the jejunum of this animal.

Treatment-related findings in rats that survived until their scheduled sacrifice were 
limited to the stomach and heart.  Gastrointestinal lesions, characterized by increased 
inflammatory infiltrate in submucosa and vacuolation in cells of the stomach, were 
observed with increased incidence and severity at the MD and HD for E-58425-treated 
males as well as for celecoxib-treated males.  The finding of increased inflammatory 
infiltrate was attenuated in all treatment groups except the HD E-58425 males after a 
14-day recovery period.  There was also a single observation of minimal mononuclear 
cell focus/foci with myocyte necrosis in a HD E-58425 male rat.

Treatment-Related Histopathology Findings

Toxicokinetics 
Blood samples were collected from the retro-orbital sinus at predose and 0.5, 1, 2, 4, 6, 
8, and 24 hours postdose on Day 1 and Day 28 for all treatment groups except the 
vehicle control group.  Samples were taken at 1 and 4 hours postdose in the vehicle 
control group on Day 1 and Day 28.  Blood was drawn from three rats per sex per group 
at each time point with a maximum of two blood draws per rat per day. 
Cmax and AUC0-Ƭ values for both tramadol and celecoxib were higher in females than 
males following administration of either the E-58425 co-crystal or tramadol or celecoxib 
alone.  With respect to tramadol, Cmax values ranged from 2- to 4-fold higher in females 
than males whereas AUC0-Ƭ values ranged from 3- to 5-fold higher in females.  This sex 
difference was not reliably dependent upon the dose administered or the study day of 
sampling.  Plasma concentrations of O-desmethyltramadol (M1) were similarly higher in 
females than males, although this effect was somewhat attenuated compared to levels 
of tramadol.  For celecoxib, a sex difference with respect to Cmax was observed with a 
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magnitude of at least 2-fold only at the highest dose of E-58425 evaluated and the 
corresponding dose of celecoxib alone.  AUC0-Ƭ values for celecoxib were 
approximately 2-fold higher in females than males at all dose levels.  This sex difference 
also showed a tendency to be more pronounced on Day 28 than on Day 1. 

On average, plasma concentrations of tramadol and O-desmethyltramadol (M1) were 
not significantly different following the highest E-58425 dose or the equivalent dose of 
tramadol alone.  For celecoxib, however, a 1.5-fold increase in exposure was observed 
on Day 28 in female rats receiving the highest dose of E-58425 compared to the 
equivalent dose of celecoxib alone.

Pharmacokinetic parameters of tramadol, O-desmethyltramadol (M1) and 
celecoxib in plasma after daily oral administration (by gavage) of co-crystal E-
58425, tramadol HCl or celecoxib to rats for four weeks.
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Dosing Solution Analysis 
Samples of the formulations prepared to be administered on Study Days 1 and 28 were 
analyzed to verify that the actual concentrations were within ±15% of their respective 
nominal concentrations.  Actual concentrations of both tramadol and celecoxib did not 
deviate by more than 13% for E-58425 dosing solutions.  The tramadol and celecoxib 
comparator arm formulations did not deviate by more than 14%.

7 Genetic Toxicology
No new genetic toxicology studies were completed.  The Applicant is relying upon the 
data present in the referenced product labels.  
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The referenced drug product labels contain the following information:

Ultram:

Tramadol was mutagenic in the presence of metabolic activation in the mouse lymphoma 
assay.  Tramadol was not mutagenic in the in vitro bacterial reverse mutation assay using 
Salmonella and E. coli (Ames), the mouse lymphoma assay in the absence of metabolic 
activation, the in vitro chromosomal aberration assay, or the in vivo micronucleus assay 
in bone marrow.

Celebrex:

Celecoxib was not mutagenic in an Ames test and a mutation assay in Chinese hamster 
ovary (CHO) cells, nor clastogenic in a chromosome aberration assay in CHO cells and 
an in vivo micronucleus test in rat bone marrow.

8 Carcinogenicity
Carcinogenicity were not required for marketing this acute use drug.  The Applicant is 
relying upon the carcinogenicity data in the referenced product labels.

The referenced drug product labels contain the following information:

Ultram:

A slight, but statistically significant, increase in two common murine tumors, pulmonary 
and hepatic, was observed in an NMRI mouse carcinogenicity study, particularly in aged 
mice.  Mice were dosed orally up to 30 mg/kg in the drinking water (0.36 times the 
MRHD) for approximately two years, although the study was not done with the Maximum 
Tolerated Dose.  This finding is not believed to suggest risk in humans.  No evidence of 
carcinogenicity was noted in a rat 2-year carcinogenicity study testing oral doses of up to 
30 mg/kg in the drinking water, 0.73 times the MRHD.

Celebrex:

Celecoxib was not carcinogenic in Sprague-Dawley rats given oral doses up to 200 
mg/kg for males and 10 mg/kg for females (approximately 2-to 4-times the human 
exposure as measured by the AUC0-24 at 200 mg twice daily) or in mice given oral doses 
up to 25 mg/kg for males and 50 mg/kg for females (approximately equal to human 
exposure as measured by the AUC0-24 at 200 mg twice daily) for two years.

9 Reproductive and Developmental Toxicology
The Applicant is relying upon the reproductive and developmental toxicology data in the 
referenced product labeling to address the safety of the individual active components of 
this drug product.  They also conducted an embryo-fetal development study with the co-
crystal to address the potential for additive effects of the two active components.
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In addition, to support the Pregnancy, Lactation, and Females and Males of 
Reproductive Potential sections of labeling of Celecoxib and Tramadol, Tablets, on 
October 10, 2019, the Agency requested for review and summary of available 
nonclinical information, including published literature for each of its components 
celecoxib and tramadol that spans from the time of the approval of the listed drugs to 
present.

The Applicant the following response in their submission to Module 2 (2.6.6 Nonclinical 
Written and Tabulated Summaries (version 03)) on October 31, 2019.

The Sponsor conducted an extensive literature search for articles published in English 
containing nonclinical information on each of the components of Celecoxib and Tramadol, 
Tablets (celecoxib and tramadol), spanning from the time of the approval of the listed 
drugs (10/20/1995 for tramadol, Ultram®, and 12/31/1998 for celecoxib, Celebrex®) to 
present (October 2019). To this aim, the Pubmed database was queried for published 
articles with use, as search terms, of either “tramadol” or “celecoxib” and the following 
terms: “reproductive toxicity”, “developmental toxicity”, “teratology”, “embryofetal”, 
“embryofetal development”, “fetal development”, “lactation”, “pregnant”, “reproduction”, 
“reproductive potential”, “parturation”, “gestation”, “pregnant”, “fetal toxicity”, “embryo 
toxicity”, “pre- post-natal”, “prenatal development”, “postnatal development”, “toxicology”. 
Further to this, the TOXNET- DART database was also queried with use of the following 
search terms: “tramadol” and “celecoxib”. The search did not provide relevant 
complementary non-clinical information further than the one contained in the 
corresponding labeling of tramadol (Ultram®-FPI (USA), 2019) and celecoxib 
(Celebrex®-FPI (USA), 2019), to support the Pregnancy, Lactation, and Females and 
Males of Reproductive Potential sections of the labeling for Celecoxib and Tramadol, 
Tablets.

As per the Applicant, their search but did not find any relevant literature to inform labeling.  
They did not provide a list of articles for us to review.  

However, literature searches by the review team identified several articles that should 
be reviewed and considered.  If the NDA is not approved in this cycle, the Applicant 
should be requested to provide a more detailed assessment to support their conclusion 
that no additional data need be included in labeling.  This comment should be included 
in the action letter.

9.1 Fertility and Early Embryonic Development
New fertility and early embryonic development studies were not completed.  The 
Applicant is relying upon the data in the referenced product labeling.

The referenced drug product labels contain the following information:

Ultram:

No effects on fertility were observed for tramadol at oral dose levels up to 50 mg/kg in 
male rats and 75 mg/kg in female rats. These dosages are 1.2 and 1.8 times the 
maximum recommended human daily dose based on body surface area, respectively.
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Celebrex:

Celecoxib had no effect on male or female fertility or male reproductive function in rats at 
oral doses up to 600 mg/kg/day (approximately 11-times human exposure at 200 mg 
twice daily based on the AUC0-24). At ≥50 mg/kg/day (approximately 6-times human 
exposure based on the AUC0-24 at 200 mg twice daily) there was increased 
preimplantation loss.

9.2 Embryonic Fetal Development
In addition to reliance upon the data in the referenced product labels, the Applicant 
conducted a new embryofetal development study to evaluate the potential additive 
effects of the two active compounds in the drug product.

The referenced drug product labels contain the following information:

Ultram:

Animal Data
Tramadol has been shown to be embryotoxic and fetotoxic in mice, (120 mg/kg), rats (25 
mg/kg) and rabbits (75 mg/kg) at maternally toxic dosages, but was not teratogenic at 
these dose levels.  These doses on a mg/m2 basis are 1.4, 0.6, and 3.6 times the 
maximum recommended human daily dosage (MRHD) for mouse, rat and rabbit, 
respectively. 

No drug-related teratogenic effects were observed in progeny of mice (up to 140 mg/kg), 
rats (up to 80 mg/kg) or rabbits (up to 300 mg/kg) treated with tramadol by various routes. 
Embryo and fetal toxicity consisted primarily of decreased fetal weights, decreased 
skeletal ossification and increased supernumerary ribs at maternally toxic dose levels. 
Transient delays in developmental or behavioral parameters were also seen in pups from 
rat dams allowed to deliver. Embryo and fetal lethality were reported only in one rabbit 
study at 300 mg/kg, a dose that would cause extreme maternal toxicity in the rabbit. The 
dosages listed for mouse, rat and rabbit are 1.7, 1.9
and 14.6 times the MRHD, respectively.

Celebrex:

Animal data 
Celecoxib at oral doses ≥150 mg/kg/day (approximately 2 times the human exposure at 
200 mg twice daily as measured by AUC0-24), caused an increased incidence of 
ventricular septal defects, a rare event, and fetal alterations, such as ribs fused, 
sternebrae fused and sternebrae misshapen when rabbits were treated throughout 
organogenesis. A dose-dependent increase in diaphragmatic hernias was observed 
when rats were given celecoxib at oral doses ≥30 mg/kg/day (approximately 6 times 
human exposure based on the AUC0-24 at 200 mg twice daily for RA) throughout 
organogenesis. In rats, exposure to celecoxib during early embryonic development 
resulted in pre-implantation and post-implantation losses at oral doses ≥50 mg/kg/day 
(approximately 6 times human exposure based on the AUC0-24 at 200 mg twice daily for 
RA).
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9.2.1 Tolerability study in non-pregnant rabbit (Study 83324)

E-58425 was administered orally (by gavage) to sexually mature female New Zealand 
White rabbits (3 animals/group) at doses of 125, 175, or 250 mg/kg/day over 7 
consecutive days.  The animals from the control group were treated similarly with the 
vehicle used to administer the drug (0.5% methylcellulose in distilled water + 1% Tween 
80).  Clinical signs, food consumption, and body weights were recorded daily during the 
study.  At the end of treatment, all surviving animals were sacrificed, necropsied and 
examined postmortem.  No histopathological examination was performed.

Results
Repeated oral administration of E-58425 to non-pregnant New Zealand White rabbit at 
doses of 175 and 250 mg/kg/day was associated with signs of toxicity demonstrated by 
slight body weight losses and reduced daily food intake.  These effects were most 
prominent at 250 mg/kg/day (up to 8 % in body weight loss and approximately 66 % 
reduction in food intake per day).  The signs of toxicity at 175 mg/kg/day were 
considered to be of a magnitude suitable for this dose to be selected as the high dose 
level for a subsequent dose range-finding study in pregnant rabbits.

9.2.2 DRF Embryo-fetal development toxicity study (Study 83372)

E-58425 was administered orally (by gavage) to pregnant female New Zealand White 
rabbits (7 animals/group) at doses of 75, 125, or 175 mg/kg/day from Day 6 to Day 18 of 
gestation, inclusive.  The animals from the control group were treated similarly with the 
vehicle used to administer the drug (0.5% methylcellulose in distilled water + 1% Tween 
80).  Clinical signs were recorded daily and food consumption and body weights were 
recorded at regular intervals.  Blood samples for proof of exposure were obtained at 2 
time points on Days 6 and 18 of gestation.  The animals were killed on Day 28 of 
gestation, a necropsy was performed, and the internal organs were examined for 
macroscopic abnormalities.  The progress and outcome of pregnancy were assessed, 
and maternal dead body weight, gravid uterus, and placenta weights were recorded.  
The fetuses were removed from the uterus, weighed, the sex determined and examined 
for external abnormalities.

Results
Administration of E-58425 at 125 and 175 mg/kg/day to pregnant rabbits was 
associated with maternal toxicity in terms of a dose-related reduction in body weight 
gain and food consumption (with most animals given 125 or 175 mg/kg/day losing 
weight over Days 6 to 12 of gestation), and embryo-fetal toxicity in terms of a dose-
related increased incidence of post-implantation loss (largely due to increased numbers 
of early and late intrauterine deaths).  One female given 175 mg/kg/day was killed on 
Day 26 of gestation due to clinical signs consistent with abortion.  There were no 
external fetal malformations associated with E-58425.  A high dose level of 100 
mg/kg/day was selected for the subsequent main embryo-fetal development toxicity 
study.
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9.2.3 Embryo-Fetal Development Toxicity Study in the Rabbit

Study title:  E-58425: Oral (Gavage) Embryo-Fetal Development Toxicity 
Study in the Rabbit

Study no.: 83393/ETS0004
Conducting laboratory and location:

Esteve, Barcelona, Spain (bioanalysis 
and toxicokinetic analysis)

Location Vol./Section 4.2.3.5.2
EDR

Date of study initiation: November 2017
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: E-58425, Lot 4248-P54/16-004 

Tramadol, 98.3%
Celecoxib, 99.7%

Key Study Findings

Methods
Doses: 0 (vehicle control), 30, 55, or 100 mg/kg/day

E-58425, 44 mg/kg/day tramadol HCl or 56 
mg/kg/day celecoxib

Frequency of dosing: from Day 6 to Day 18 of gestation/daily
Duration of post dose: GD 19-28

Dose volume: 5 mL/kg body weight
Route of administration: Oral gavage

Formulation/Vehicle: A suspension in 0.5 % (w/v) methylcellulose in 
purified water and 1 % (v/v) Tween 80.

Species/Strain: Female New Zealand White rabbits
Number/Sex/Group: 22 females/group (A total of 132 animals were 

used in this study)
Satellite groups: N/A

Study design: See below
Deviation from study protocol: None of the deviations was considered to have 

affected the outcome or integrity of this study
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All females were observed daily from the start of dosing and body weights and food 
intake were recorded at regular intervals. Blood samples for toxicokinetic evaluation 
were obtained on Days 6 and 18 of gestation. 
Samples were obtained from the following animals in each group:

Group 1 (controls): Females 38, 39, 40
Group 2 (30 mg/kg/day E-58425): Females 60, 61, 62
Group 3 (55 mg/kg/day E-58425): Females 82, 83, 84
Group 4 (100 mg/kg/day E-58425): Females 103, 104, 105
Group 5 (44 mg/kg/day tramadol HCl): Females 125, 126, 127
Group 6 (56 mg/kg/day celecoxib): Females 147, 148, 149

The animals were euthanized on Day 28 of gestation, a necropsy was performed, and 
the internal organs were examined for macroscopic abnormalities.  The progress and 
outcome of pregnancy were assessed, and maternal dead body weight, gravid uterus, 
and placenta weights were recorded.  The fetuses were removed from the uterus, 
weighed, and examined for external, visceral, and skeletal abnormalities.

Study Design

Observations and Results

Mortality
 Female given 55 mg/kg/day E-58425 was euthanized on GD 25 due to a decline in 

clinical condition because of progressive inappetence.  Abnormal feces, decreased 
activity, and cold body surface were observed.  There were no relevant macroscopic 
necropsy findings.

 Female given tramadol HCl was euthanized on GD 27 due to a decline in clinical 
condition because of progressive inappetence.  Abnormal feces, decreased activity, 
and cold body surface were observed.  Female showed at necropsy brown fluid in 
the stomach with a clear gelatinous area surrounding the pyloric sphincter causing 
blockage, a distended gall bladder with viscous material and pale kidneys.
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Daily Dose (mg/kg) 0 
(vehicle) 

30 
(E58425) 

55 
(E58425)

100 
(E58425)
 

44 
(tramadol 
HCl) 

56 
(celecoxib) 

No. Animals 22 22 22 22 22 22 
No. Died or Sacrificed 
Moribund 

0 0 1 (GD25) 0 1 (GD 27) 0 

Clinical Signs
There were no clinical signs associated with E-58425, tramadol HCL, or celecoxib.

Body Weight/ Food Consumption
There were dose-related reductions in mean body weight gain and food intake over the 
dosing period in the animals given E-58425 and similar reductions in the group given 
tramadol HCl alone, but not celecoxib alone.  After cessation of dosing, improvements 
were seen so that mean body weights were similar to controls by the end of the study.

Daily Dose (mg/kg) 0 
(vehicle) 

30 
(E58425) 

55 
 E58425)

100 
(E58425)
 

44 
(tramadol 
HCl) 

56 
(celecoxib) 

No. Animals 22 22 22 22 22 22 
No. Dams pregnant 22 22 22 22 22 21 

Body Weight gain 
GD 6 to 19 (%)

0.26 kg -7.2% -33.6% -54.7% -50.9% +12.5% 

Food Consumption 
GD 6 to 18 (%)

143.2 
g/animal/day 

+1.4% -10.8% -24.9% -20.4% +14.7% 

Toxicokinetics
The exposures (Cmax and AUC0-24) to tramadol, the metabolite of tramadol (O-
desmethyltramadol) and celecoxib on Days 6 and 18 of gestation were analyzed which 
increased with dose on both sampling days.  On Day 6 of gestation, the exposures 
(AUC 0-24) to tramadol and celecoxib in the group given 100 mg/kg/day E-54825 were 
2.17- and 1.31-times respectively the exposure attained at the equivalent dose of 
tramadol and celecoxib administered alone.  However, by Day 18 of gestation, there 
was no notable difference between the groups.  O-desmethyltramadol exposure was 
consistently higher than to tramadol itself, and accumulation ratios ranged from 1.0 to 
5.2 for tramadol, 1.2 to 1.4 for O-desmethyltramadol and 1.3 to 2.0 for celecoxib.  There 
was no indication of cross contamination of any plasma samples.
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Dosing Solution Analysis

Analysis of the dosing solutions indicated that all treatments were within or equal to ± 10 
% or 15 % of the intended dose.

No tramadol HCl or celecoxib was detected in the vehicle used to dose the controls.

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)

One female in the celecoxib group was not pregnant and one female given 100 
mg/kg/day E-58425 had total litter loss.  This, in combination with the 2 early decedents, 
resulted in 22, 22, 21, 21, 21 and 21 females with live fetuses on Day 28 of gestation in 
the groups given 0, 30, 55 or 100 mg/kg/day E-58425, tramadol HCl, or celecoxib, 
respectively.
In the group administered 100 mg/kg/day E-58425, there was a slight increase in the 
incidence of post-implantation loss due to an increase in the number of early 
intrauterine deaths compared to vehicle and the individual agents alone, presumably 
due to additive toxicity from the two active agents.  There was no effect of 30 or 55 
mg/kg/day E-58425, tramadol HCl or celecoxib administration on the 
uterine/implantation data.
There was no effect of E-58425, tramadol HCl or celecoxib on fetal weight or fetal sex 
ratio; mean placental weights were slightly higher than control in all groups given the 
test items.

Daily Dose (mg/kg) 0 
(vehicle) 

30 
(E58425) 

55 
(E58425) 

100 
(E58425) 

44 
(tramadol 
HCl) 

56 
(celecoxib) 

No. Animals 22 22 22 22 22 22 
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No. Dams pregnant 22 22 22 22 22 21 
Mean No. Corpora Lutea 9.9 9.9 9.4 9.5 9.3 10.0
Mean No. Implantations 9.1 8.5 8.6 8.4 9.0 9.0 
Mean % Preimplantation 
Loss 

6.9 13.3 7.6 11.1 3.6 10.1 

No. Litters Evaluated 22 22 21 21 21 21 
No. Live Fetuses 192 179 167 152 180 173 
Total Resorptions 0 0 0 1 0 0 
No. of Litters with Dead 
Fetuses 

0 0 0 0 0 0 

Mean % Post-implantation 
Loss 

5.0 3.8 7.5 17.6 4.2 8.2 

Mean Fetal Body Weight 
(g) 

33.76 34.93 34.94 34.51 34.66 34.58 

Fetal Sex Ratios (% Males) 50.1 46.7 42.7 45.2 47.8 49.0 

Offspring (Malformations, Variations, etc.)

Scoliosis observed in 1 fetus in the group given the LD of 30 mg/kg/day E-58425 and in 
3 fetuses from 2 litters in the group given the HD of 100 mg/kg/day E-58425, was not 
seen in the control group or in the groups given tramadol HCL or celecoxib alone.  
Scoliosis or vertebral defects are also not reported in the referenced product labeling.  A 
very low incidence of scoliosis has been observed in the control population of rabbits in 
this laboratory, in 2 separate studies during the past 10 years; 1 fetus in 1 study in 2010 
and 2 fetuses from 2 different litters in a study conducted in 2014.  The incidence in this 
study exceeds the historical control range.

In the litters with fetuses presenting scoliosis in the historical control data there were 
also fetuses showing other defects of the vertebral column and in this study, 1 fetus in 
each of the groups given 30 mg/kg/day and 55 mg/kg/day E-58425 and 2 fetuses from 2 
litters in the group given 100 mg/kg/day, showed major vertebral defects, but 
presumably not considered severe enough to be termed scoliosis.  The defects included 
absent thoracic hemicentrum/a and neural arch(es) and fused thoracic vertebral centra 
and/or neural arches.  These defects have also been noted in the control population of 
rabbits, but at a low incidence. 

Detailed descriptions of the findings in the study with the co-crystal are reproduced 
below:
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Daily Dose 
(mg/kg) 

0 
(vehicle) 

30 
(E58425) 

55 
(E58425) 

100 
(E58425) 

44 
(tramadol 
HCl) 

56 
(celecoxib) 

Historical 
control

No. Litters 
Evaluated 

22 22 21 21 21 21 522

No. Live 
Fetuses 

192 179 167 152 180 173 4456

Fetal Anomalies
Fetuses with 
major 
abnormalities 
(litters)

6 (6) 8 (6) 3 (3) 8 (6) 2 (2) 4 (4)

Scoliosis 0 1 (0.6%) 0 3 (2%) 0 0 3 (0.07)
Fused sternebra 1 (0.5%) 3 (1.7%) 0 0 0 1 (0.6%) 6 (0.13%)

severe
41 (0.9%)
Slight

Fused thoracic 
vertebral centra 

and/or neural 
arches

0 0 1 (0.6%) 3 (2%) 0 0 3 (0.07%)
Severe
6 (0.13%)
slight
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Fused lumbar 
vertebral centra

0 0 0 1 (0.7%) 0 0 2 (0.04%)

Fused cervical 
vertebral centra 
and neutral 
arches

0 0 0 1 (0.7%) 0 0 2 (0.04%)

Fused ribs 0 1 (0.6%) 1 (0.6%) 2 (1.3%) 0 1 (0.6%) 11 (0.24%)
Absent thoracic 
vertebral centra

0 1 (0.6%) 0 1 (0.7%) 0 0 5 (0.1%)

Fetuses with 
minor 
abnormalities 
(litters) 

88 (21) 94 (22) 67 (19) 90 (21) 77 (21) 103 (21) 

Fetuses with 
variations 
(litters)

192 (22) 179 (22) 167 (21) 152 (21) 180 (21) 173 (21) 

Conclusion:
Due to maternal toxicity of reduced body weight gain and embryo-fetal toxicity of an 
increase in early intrauterine deaths and higher than expected incidences of 
malformations of the fetal vertebral column at 100 mg/kg/day, the NOAEL for maternal 
and embryo-fetal toxicity is considered 55 mg/kg/day.  Repeated administration at this 
dose level resulted in a mean systemic maternal exposure (AUC 0-24) of 150.9 ng·h/mL 
for tramadol, 743.4 ng·h/mL for O-desmethyltramadol (the metabolite of tramadol) and 
20432.7 ng·h/mL for celecoxib.

This reviewer agrees with the Applicant that the absence of similar findings in the 
groups given tramadol HCl or celecoxib individually, at equivalent doses to those given 
in combination to the 100 mg/kg/day E-58425 group, may be associated with the 
differences in exposure, primarily at the start of the dosing period.  The Applicant stated 
that it is known that vertebral development arises from somite formation which, in 
rabbits, occurs early in organogenesis, between Days 7/8 and 13 of gestation. In this 
study, on Day 6 of gestation, mean exposures (Cmax and AUC0-24) to tramadol for the 
100 mg/kg/day E-58425 group, were up to 2-fold higher than the group given tramadol 
HCl alone and exposure to celecoxib was slightly higher than the group given celecoxib 
alone.

Given the potential for additive toxicity and differences in exposures in this study 
following administration of the co-crystal compared to the individual agent, it is not clear 
if the vertebral findings truly represent a new finding or not.  Nonetheless, the finding 
should be included in labeling.

9.3 Prenatal and Postnatal Development
No new pre- and postnatal toxicity studies were completed to support this application.  
The Applicant is relying upon the findings in the referenced product labeling.  
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The referenced drug product labels contain the following information:

Ultram:

Tramadol was evaluated in pre- and post-natal studies in rats. Progeny of dams receiving 
oral (gavage) dose levels of 50 mg/kg 1.2 times the MRHD) or greater had decreased 
weights, and pup survival was decreased early in lactation at 80 mg/kg (1.9 times the 
MRHD).

Celebrex:

It is not clear from the referenced labeling if a pre- and post-natal study was conducted 
with celecoxib.  The current labeling does include the following statement under Animal 
Data:

Celecoxib produced no evidence of delayed labor or parturition at oral doses up to 100 
mg/kg in rats (approximately 7-fold human exposure as measured by the AUC0-24 at 200 
mg twice daily). The effects of CELEBREX on labor and delivery in pregnant women are 
unknown.

10 Special Toxicology Studies
10.1 Pediatric Development Plan
As noted in the agreed iPSP from 08/28/2017, the Applicant will conduct a rat juvenile 
animal toxicity study to support clinical trials in adolescents of ≥ 12 – < 17 years of age 
to assess the potential for adverse neurodevelopmental effects of the co-crystal E-
58425.  This is primarily driven by the lack of adequate data on tramadol, which has 
activity at both opioid and serotonergic systems, both of which may impact the 
developing central nervous system.  The Agency agreed that these studies may be 
completed as post-marketing requirements.  

10.2 Risk Assessment of Celecoxib and Tramadol, Tablets (CTC) if Misused or 
Abused by Intravenous Administration

Although this product is not formulated to have abuse-deterrent properties, based on 
concerns raised by the Advisory Committee, the Applicant was requested to provide a 
risk assessment on the potential adverse effects that could occur should the product be 
manipulated for intravenous abuse if approved.  This assessment was provided in their 
March 2, 2020 submission (SDN 24).

The Applicant maintains that intravenous abuse of tramadol is unlikely primarily 
because the primary opioid agonist activity is due to the M1 metabolite which would be 
formed at higher levels following oral use of the drug than intravenous use of the drug.  
This is supported by data that shows that intravenous tramadol administration results in 
the slower onset and lower exposure M1 active metabolite compared to formation of M1 
following  oral administration (Lu L et al., 2019).  This is illustrated in the figure below, 
reproduced from the publication.  
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The risk assessment provided by the Applicant noted that all of the excipients in the 
proposed drug product formulation are also present in other FDA-approved Immediate-
release oral opioid drug product formulations which may also be manipulated for abuse 
by the intravenous route.  As such, the risk from this product are likely to be the same 
as for other IR opioid drug products already on the market.  No new, unexpected 
toxicities are likely to occur due to the drug product formulation.  The Applicant notes 
that for many of the excipients in this oral drug product, data on the intravenous toxicity 
is lacking.  They specifically note that “Due to the presence of insoluble components in 
CTC tablets, iv abuse of an aqueous solution (that is partially filtered or not filtered) 
containing insoluble components could be expected to result in similar risks to other 
opioid-containing products susceptible of abuse by iv administration. The risks may 
include local tissue necrosis, pulmonary granulomas, and increased risk of infections. 
Hospitalizations for severe, injection-related infections, like endocarditis and 
osteomyelitis, have increased dramatically during the opioid epidemic (Fanucchi LC et 
al., 2019). “

As requested, the Applicant attempted to predict what dose individuals may likely 
attempt to deliver and submitted risk assessment for the expected toxicities that could 
occur.  As per their assessment, review of the clinical data suggested that the dose 
most likely administered would be between 100 and 200 mg because doses higher than 
that are expected to cause significant adverse effects including seizures.  They 
therefore based their risk assessment on the manipulation of 5 pills which would result 
in 220 mg of tramadol.  They estimated that the pills could be prepared in a 5 mL 
volume.  They also noted that several of the excipients are not soluble in water and 
therefore low levels, if any, would likely be present in the syringeable material.  They 
summarized their estimates in the table below.  Note that there were no studies or data 
provided to support this estimation.
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11 Integrated Summary and Safety Evaluation

The nonclinical development program relies on information from the FDA evaluation of 
the the NDAs for tramadol [Ultram (NDA 20-281, 1995)] and celecoxib [Celebrex (NDA 
20-998, 1998)] as well as additional studies with E-58425.  The Applicant conducted 
pharmacodynamics, pharmacokinetics and toxicology studies. The new toxicology 
studies included a 4-week repeat-dose oral toxicity study in rats and an embryo-fetal 
development oral toxicity study in rabbits testing E-58425. 

The pharmacological activity of E-58425 in the management of pain is believed to result 
from activation of µ-opioid receptors, inhibition of the neuronal reuptake of 
norepinephrine and serotonin (tramadol), and COX-2 inhibition (celecoxib) as described 
in the referenced product labeling. 

For genetic toxicology and carcinogenicity, the Applicant is relying upon the data 
present in the referenced product labels (Ultram and Celebrex).  

A GLP 28-day repeat-dose toxicology study with a 2-week recovery period was 
conducted in rats, evaluating 20, 40, and 85 mg/kg/day E-58425 as well as doses of 
tramadol at 37.4 mg/kg/day and celecoxib at 47.6 mg/kg/day, which are equivalent to 
their respective dose levels at the HD of E-58425.  Absorption of both tramadol and 
celecoxib was higher in females than males following administration in all treatments of 
the co-crystal compared to the individual treatment arms, and AUC values for celecoxib 
were higher in HD E-58425 females than celecoxib only treated females.  Mortality, 
characterized by severe focal/multifocal ulceration in jejunum with perforation and signs 
of peritonitis, was observed in 5/10 HD E-58425 females and 1/10 celecoxib females.  
Although no mortality was observed in males, vacuolation and increased inflammatory 
infiltrate in submucosa of the stomach was observed with increased incidence and 
severity in MD and HD E-58425-treated and celecoxib-treated rats.  Additionally, one 
HD E-58425 male exhibited mononuclear cell focus/foci with myocyte necrosis in the 
heart.  The gastrointestinal toxicity observed is consistent with the known toxicological 
profile of celecoxib (Blackler R et al., 2012), and notably, was observed in rats treated 
with celecoxib alone but not tramadol.  The cardiac toxicity was likely related to the 
celecoxib component of the E-58425 treatment as celecoxib has been shown in vitro to 
induce necrosis in cardiac myocytes (Sakane KK et al., 2014).  Although treatment-
related effects were observed in male rats at the MD and HD, ulceration of the stomach 
and/or jejunum was only observed in HD female and celecoxib-treated rats so the 
NOAEL was determined to be the HD, 85 mg/kg/day, for males and the MD, 40 
mg/kg/day, for females.  Notably, although the NOAEL for males is more than double in 
dosage compared to females, the toxicokinetic parameters associated with the HD in 
males and the MD in females are nearly identical for tramadol, O-desmethyltramadol 
(M1), and celecoxib. 
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Toxicities observed in the pivotal nonclinical study (Study 81915) were consistent 
with the known toxicological profile of celecoxib

Daily Dose 
(mg/kg)

85 
(Co-crystal E-58425) 

37.4 
(tramadol 
HCl) 

47.6 
(celecoxib) 

10 M 10 F 10 
M 

10 
F 

10 M 10 F 

Gross 
Pathology

-- Perforation in the 
jejunum; yellowish 
watery fluid in 
abdominal cavity; 
adhesion/fusion 
between liver lobes 
and adhesions in 
the spleen; 
reddish/black 
discoloration of the 
mesenteric lymph 
nodes. Reddish 
discoloration of 
some organs 
(stomach, 
duodenum, 
jejunum, ileum, 
cecum, colon or 
pancreas)

-- -- -- Perforation in the 
jejunum; yellowish 
watery fluid in 
abdominal cavity; 
adhesion/fusion 
between liver lobes 
and adhesions in 
the spleen; 
reddish/black 
discoloration of the 
mesenteric lymph 
nodes. Reddish 
discoloration of 
some organs 
(stomach, 
duodenum, 
jejunum, ileum, 
cecum, colon or 
pancreas) 

Histopathology Stomach: 
Increased 
inflammatory 
infiltrate

Stomach: 
Glandular 
ulceration. 
Increased 
inflammatory 
infiltrate. Ulcer 
perforation of 
jejunum

-- -- Stomach: 
Increased 
inflammatory 
infiltrate

Stomach:
Glandular 
ulceration. 
Increased 
inflammatory 
infiltrate. Ulcer 
perforation of 
jejunum

Safety Margins Associated with E-58425 (4 week repeat dose toxicology study in 
rats)

HED-Based Safety 
Margin

Cmax-Based Safety 
Margin

AUC-Based Safety 
Margin

Analyte

Male Female Male Female Male Female
Tramadol 1.7x 2.1x 0.3x 0.4x
O-desmethyltramadol (M1) 7.0x 6.9x 1.6x 1.7x
Celecoxib

 
2.1x 1.0x 

12x 11x 17x 17x
Human PK data from 7-day 200 mg BID dosing of E-58425 in healthy volunteers in ESTEVE-
SACO4-105.

The Applicant conducted a GLP study aimed at investigating the effects of co-crystal E-
58425 on the embryonic and fetal development of the rabbit when administered during 
the period of organogenesis.  Co-crystal E-58425 was administered orally (by gavage) 
to pregnant female New Zealand White rabbits (22 animals/group) at doses levels of 30, 
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55, or 100 mg/kg/day from Day 6 to Day 18 of gestation, inclusive.  The animals from 
the control group were treated similarly with the vehicle used to administer the drug 
(0.5% methylcellulose in distilled water + 1% Tween 80).  Additionally, the embryo-fetal 
toxicity of high-dose co-crystal E-58425 was compared with the toxicity of the individual 
active components (tramadol HCl and celecoxib) administered separately, each at a 
dose equivalent to the one present in the co-crystal E-58425 high-dose (44 and 56 
mg/kg/day, respectively).  One female administered 55 mg/kg/day E-58425 and 1 
administered tramadol HCL were killed on Days 25 or 27 of gestation, respectively, due 
to a decline in clinical condition primarily due to progressive inappetence.  In the group 
administered 100 mg/kg/day E-58425, there was a slight increase in the incidence of 
post-implantation loss due to an increase in the number of early intrauterine deaths.  
There was no effect of 30 or 55 mg/kg/day E-58425, tramadol HCl or celecoxib 
administration on the uterine/implantation data.  Major skeletal abnormalities including 
scoliosis and defects of the vertebral column were noted in 2, 1 and 3 litters in the 
groups given 30, 55, or 100 mg/kg/day E-58425, respectively.  This reviewer believes 
that these findings are consistent with effects described in the Celebrex label and the 
incidence of these findings are higher in 100 mg/kg/day E-58425 group and historical 
control range.  The 100 mg/kg/day is a dose that also caused maternal toxicity 
(decreased body weight gain).  In addition, there was a slight increase of post-
implantation loss in rabbits at 100 mg/kg/day E-58425.  Therefore, the NOAEL for 
maternal toxicity and embryofetal toxicity is 55 mg/kg/day (approximately 3.5 and 0.02 
times the MRHD of celecoxib and tramadol, respectively, on an AUC basis).

Safety Margins Associated with E-58425 (Reproductive toxicology study in 
Rabbits)
Dose 
mg/kg/day 

Selective skeletal toxicity HED
mg

Margin 
based on 
BSA*

Control  --
30  Scoliosis, fused/ossified lumbar 

vertebral centra and neural arches 
(1/179)

 Absent thoracic vertebral 
hemicentrum/a and neural arch(es), 
absent rib(s), fused ribs (1/179)

580 1.45x

55  Fused thoracic vertebral centra, 
fused ribs (1/167)

1064 2.66x

100  Fused thoracic vertebral neural 
arches, fused ribs (1/152)

 Scoliosis, fused and ossified 
thoracic vertebral centra and 
additional centra (1/152)

 Scoliosis, fused thoracic and lumbar 
vertebral neural arches, fused ribs 
(1/152)

1935 4.8x
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 Fused cervical vertebral centra and 
neural arches (1/152)

 Scoliosis, absent thoracic vertebral 
hemicentrum(a) and neural arch(es) 
(1/152)

tramadol  --
celecoxib  Fused ribs

*Maximum Human Dose: 400 mg

AUC 0-24 (ng·h/mL)
(GD18)

Margin Based on AUC* for 
MRHD

Dose 
mg/kg/day 

HED
mg

Tramadol M1 Celecoxib Tramadol M1 Celecoxib
30 580 37.7 151.6 9155.1 0.005x 0.12x 1.6x
55 1064 150.9 743.4 20432.7 0.02x 0.6x 3.5x
100 1935 934.9 1139.8 29147.6 0.12x 0.9x 5x
tramadol 852 932.5 1265.5 -- 0.12x 1x --
celecoxib 1084 -- -- 28481.2 -- -- 4.9x

*Human exposure data are based on the multiple-dose PK of Co-crystal tablets 
evaluated in study ESTEVE-SUSA-105. 
AUC∞(ng·h/mL): 
Tramadol: 7749 (ng·h/mL)
M1: 1247 (ng·h/mL)
Celecoxib: 5810 (ng·h/mL)
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