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Research reports on contraceptive development have reached the
“big leagues” with this report from Chang et al., appearing in a
recent issue of Nature Communications [1]. What I mean is that
such research is for the most part published in respectable but less
widely viewed journals that are specialized in reproductive biology.
This report is the culmination of a team effort from the laboratory
of and directed by Wei Yan. Development of a non-hormonal male
contraceptive is the overarching aim of this research. The latest
advances from experimental studies to develop methods of birth
control for use by men are documented in the recent Special Issue
on Contraception Contraceptive Development published by Biology
of Reproduction in July 2020 [2]. Male contraception has received
widespread attention in the form of user acceptance and importantly
government and private sector funding [3]. The rationale for a male
contraceptive drug is that men have a responsibility to share in
family planning. The requirements for a male contraceptive drug
include that it is reversible, there are no adverse side effects, that it
approaches 100% efficacy, and that administration is user-friendly
such as in the form of a daily pill. The authors note that “among
all of the currently available contraceptives, ‘oral pills remain the
most popular method’”. However, oral pills are available only
for women, and despite five decades of efforts there remain no
non-hormonal male contraceptive pills.” Also, these requirements
place contraceptive drug development research under even more
stringent controls than required for therapeutic use. According to
this report the more that is known about mechanism of action of a
drug, the more efficient will be the search that meets these criteria.
With this goal in mind Chang et al. [1] have taken a mechanistic
approach to establish how the antifertility properties of a common
Chinese herb Tripterygium wilfordii Hook F (FIGURE 1A) can be
the basis for a contraceptive drug. The antifertility effect of refined
extracts of the roots of this herb was observed years ago in male
mice and rats [4]. Of greater interest were the observations that
when used in Chinese medicine, men taking daily oral doses of
the plant root extract to treat rheumatoid arthritis and psoriasis
became infertile. Lue et al. [5] reported that one of the ingredients
of the extract, triptolide, at a dose level that induces complete
infertility in rats, acts primarily on epididymal sperm [6]. However,

key findings reported by Chang et al. [1] were that triptonide,
another ingredient displays reversible male contraceptive effects on
spermatids in both mice and monkeys. The rationale leading to this
finding is what makes the report of interest to an audience beyond
reproductive biologists. The research moves the field forward by
utilizing state-of-the-art technology to develop a male contraceptive
“pill” based on those properties of triptonide that cause deformation
of sperm. Yan’s team formulated a strategy to impair spermiogen-
esis resulting in structurally deformed nonfunctional sperm at a
late enough stage in the process that spermatogenesis continues,
and the effect is reversible. That is, they defined the end stage
of the process and then planned to disrupt it rather approaching
drug discovery by the commonly used trial and error methods.
Observations from several decades of studies on genes encoding
proteins expressed in elongating and elongated spermatids [7] com-
pared the triptonide “head bent-back” effect with a phenotype
that resembled that of Spem1 KO sperm [8]. Detailed analyses of
testes and sperm from treated mice revealed by scanning electron
microscopy that bending of sperm heads occurred inside seminif-
erous tubules. To determine whether the effect would also occur
in primates, triptonide was administered to male “cynomolgus”
monkeys. Treated monkeys showed deformed sperm, were infertile
and importantly suffered no systemic side effects. Furthermore, male
infertility induced by triptonide was reversible in both mice and
monkeys (FIGURE 1B and C). These observations supported the
premise that triptonide could be the basis for a potent and safe male
contraceptive agent.
These observations then led to a series of experiments designed
to identify the molecular target that mediates the effect of
triptonide. A series of testis extract were probed by binding
assays followed by mass spectrometry that identified junction
plakoglobin/gamma-catenin as the probable target. Also, and
as noted above targeted disruption of SPEM1 is phenocopied
in triptonide treated testes. SPEM-null mice are completely
infertile because of deformed sperm characterized by a bent
head wrapped around by the neck and the middle piece of the
tail. Protein structural analyses predicted that the N-terminus of
SPEM1 acts as a domain for protein–protein interactions. The
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Figure 1. Triptonide is one of the numerous compounds purified from the Chinese herb Tripterygium wilfordii Hook F (Thunder God vine) (A). Single daily oral

doses of triptonide induce deformed sperm with minimal or no forward motility with close to 100% penetrance and consequently male infertility in 3–4 and

5–6 weeks in mice and cynomolgus monkeys, receptively. Once the treatment is stopped, the male fertility comes back in ∼4–6 weeks, and the fertility recovered

male mice and monkeys can produce healthy pups (B) and babies (C), respectively. (Photo credit: Wei Yan).

N-terminal portion of SPEM1 (∼28 a.a.) was synthesized and
used to probe testicular lysates. Five proteins were identified
to bind only to these N-terminus peptides, including junction
plakoglobin/gamma-catenin, heat shock-related 70 kDa pro-
tein 2 (HSP70-2), L-lactate dehydrogenase C chain (LDHC),
Y-box-binding protein 2, and retinal dehydrogenase 1. LDHC,
Y-box-binding protein 2, and retinal dehydrogenase 1 also bind
triptonide! These findings led the authors to speculate that
interference with the interaction between SPEM1 and junction
plakoglobin/gamma-catenin results in the “bent back” head
phenomenon in spermatids. As an aside, the observation that there
is an interaction between LDHC and triptonide is, of course, of
interest to the author of this review, since LDHC has been proposed
as a male contraceptive target [9].

The report by Chang et al. [1] contains a wealth of rigorously
obtained experimental data which were obtained by state-of-the-
art methodology in experiments designed to move forward our
precise knowledge of the molecular events of sperm development.
The key intellectual contribution from this research was the “Top
Down” approach to drug discovery. Define your target in terms of
the desired effect which here is to impair sperm function and then
establish experimentally that a compound involved can be the basis
for contraceptive drug development. This design and the success of
its conceptual foundation explain the broad interest in the work.
Of at least equal importance is the increased prospect of developing
a male contraceptive and demonstrating proof-of-concept efficacy
and reversibility of triptonide as a potential non-hormonal male
contraceptive. These first animal studies represent a major milestone

that will allow the research team to move towards safety studies in
humans.
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