
Introduc)on	

Mice	treated	with	acarbose	(ACA)	con)nuously	during	adulthood,	have	a	median	
lifespan	approximately	20%	and	5%	longer	in	males	and	females,	respec)vely	[1].		
By	inhibi)ng	the	enzymes	that	normally	degrade	starch,	ACA	increases	the	
quan)ty	of	polysaccharide	entering	the	colon	[2]	leading	to	increased	produc)on	
of	short-chain	faLy	acids	(SCFAs)	by	bacteria	[3].		Given	the	documented	benefits	
of	SCFAs,	we	asked	if	changes	in	bacterial	
community	composi)on	and	fermenta)on	
products	of	the	gut	were	associated	with	
increased	lifespan	in	mice.	
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than controls (Fig. 4A), while females fed EST were 6%, 7%, and 7%

lighter than controls (Fig. 4B).

Although EST is considered to be nonfeminizing, there is evidence

that it has similar affinity for estrogen receptors a and b (Toran-Allerand

et al., 2005) and can have uterotrophic effects (Clark et al., 1982). We

therefore tested for feminizing activity of the EST diet in a separate

population of young ovariectomized UM-HET3 mice at UT. EST fed to

ovariectomized mice for 6 weeks did not increase uterine weight or

cause cornification of the vaginal epithelium, indicating that at the dose

used in this study, EST had no detectable bioactivity in the female

reproductive tract.

Nordihydroguaiaretic acid (NDGA)

Starting at 6 months of age, male UM-HET3 mice were fed NDGA at

three different doses, 800, 2500, or 5000 mg kg!1 diet (referred to as

low, middle, or high-dose NDGA). Median survival of males was

increased significantly at each of the three doses, as evaluated using

the log-rank test. Estimates of the 90th percentile survival and statistical

tests of maximum lifespan are not yet available from this cohort of mice.

The middle dose led to increased male lifespan in a prior study (Strong

et al., 2008) and is replicated in our current independent cohort.

Figure 6A shows male interim survival curves pooled from all three sites.

At the time of writing, about 30% of the cohort is still alive, and the

youngest mice are approximately 850 days old; thus, the exact shapes of

the survival curves shown in Fig. 6 are not defined above 850 days. In

data pooled across sites, median lifespan for male controls was 787 days

and was increased to 851 (P = 0.04), 868 (P = 0.0053), and 860

(P = 0.0048) days in groups fed low, middle and high doses of NDGA.

NDGA was fed to females only at the high dose, 5000 mg kg!1, and

female survival curves, about 70% complete, were not affected

(Fig. 6B), with control and high-dose NDGA median lifespan 897 and

880 days, respectively. This is consistent with our previous study, in

which female lifespan was not affected by NDGA at 2500 mg kg!1, the

middle dose in males in the current study. Interim survivals at the three

sites are similar (Fig. S4), except that the high dose may reduce longevity

slightly at UM while the high dose is the best of the three at increasing

survival at TJL and UT. As in the previous cohort, survival of male controls

at TJL and UT is much shorter than at UM in the current cohort of mice.
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Fig. 1 Survival curves comparing controls
and mice fed Acarbose (ACA) for males (A)
and females (B) pooled across the three
sites. On this and other figures here,
significance of differences between control
and test mice are given as ‘P’ values on
each set of curves.
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Fig. 2 Survival curves comparing controls and mice fed Acarbose (ACA) for males (A,B,C) and females (D,E,F) from each of the three sites: TJL (A,D), UM (B,E), and UT (C,F).
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Surveys	of	the	16S	rRNA	gene	confirm	that	ACA	modulates	the	composi)on	of	the	fecal	bacterial	community.		A	
principle	coordinate	analysis	based	on	Bray-Cur)s	dissimilari)es	(figure	right)	demonstrates	the	significant	separa)on	
between	control	and	treated	mice	while	controlling	for	site	and	sex	(p	<	0.001).		Communi)es	at	each	site	were	also	
dis)nct	(p	<	0.001).	

The	difference	between	treatment	groups	was	dominated	by	large	
increases	in	the	rela)ve	abundance	of	two	OTUs,	designated	OTU-1	
and	OTU-4	(figure	below).	The	spike-adjusted	abundance	of	the	16S	
rRNA	gene	from	these	taxa	was	greater	in	ACA.		Both	OTUs	are	
classified	as	members	of	the	largely	uncultured	family	S24-7	in	order	
Bacteroidales,	which	has	previously	been	observed	to	be	common	in	
the	gut	of	mice	and	to	respond	to	dietary	perturba)ons	[5].	

Along	with	shios	in	bacterial	popula)ons,	
concomitant	changes	were	observed	in	the	
metabolic	profile,	in	par)cular	increased	
SCFAs	(figure	right).		Propionate	was	found	to	
be	subject	to	an	interac)on	between	sex	and	
treatment,	resul)ng	in	a	greater	increase	in	
propionate	with	ACA	treatment	in	males	than	
in	females.	

Including	concentra)ons	of	acetate,	butyrate,	and	propionate	in	a	
Cox	propor)onal	hazards	model,	while	controlling	for	treatment,	
site,	and	sex	(table	below)	resulted	in	a	substan)ally	beLer	fit	to	
the	data	(ΔAIC	=	-3.5).		Butyrate	and	propionate	were	associated	
with	increased	survival	and	acetate	with	reduced	survival.	

Propionate	was	correlated	with	the	
abundance	of	S24-7	in	both	control	and	
treated	mice	(p	<	0.05	for	both).	
The	figure	below	plots	the	spike-adjusted	
abundance	of	16S	rRNA	genes	from	OTUs	
classified	as	family	S24-7	against	the	
concentra)on	of	propionate.	Reconstructed	
genomes	have	suggested	that	propionate	
produc)on	is	common	in	members	of	the	
S24-7	family	[5].	

•  Fecal	metabolite	profiles	in	mice	treated	with	
ACA	were	shioed	towards	increased	butyrate	
and	propionate	concentra)ons,	SCFAs	linked	
with	decreased	inflamma)on	and	host	
health.	

•  Bacterial	communi)es	responded	with	large	
changes	in	composi<on,	par)cularly	favoring	
two	OTUs	in	family	S24-7.		The	16S	rRNA	
density	of	this	family	was	associated	with	
higher	propionate	concentra<ons.	

•  Fecal	propionate,	butyrate,	and	acetate	
concentra)ons	were	sta)s)cally	significant	
predictors	of	mouse	longevity	while	
controlling	for	treatment.	

•  Future	work	is	needed	to	(1)	test	a	causal	
role	for	SCFAs	in	host	longevity,	(2)	explain	
the	high	variability	between	samples,	(3)	and	
understand	the	drama)c	increases	in	OTU-1	
and	OTU-4.	

At	three	sites,	The	University	of	Michigan	(UM),	University	of	Texas	San	Antonio	
Health	Science	Center	(UT),	and	The	Jackson	Labs	(TJL),	mice	were	either	fed	a	
control	diet,	or	the	same	diet	amended	with	1000	ppm	ACA	from	8	months	of	age	
onwards.		Individual	fecal	samples	were	collected	from	mice	between	762	and	973	
days	of	age.		At	each	site,	samples	from	24	control	and	24	ACA	treated	mice	were	
collected,	with	an	equal	number	from	males	and	females.		Matched	longevity	data	
were	collected	for	sampled	mice	from	UM	and	UT.	

Metabolite	measurements	(HPLC)	and	bacterial	community	surveys	(16S)	were	
carried	out	on	fecal	samples.		Samples	were	spiked	with	a	constant	quan)ty	of	
Sphingopyxis	alaskensis	sta)onary	phase	culture	
before	DNA	
extrac)on,	enabling	
comparison	of	rRNA	
gene	densi)es	across	
samples	[4].		
Opera)onal	
taxonomic	units	
(OTUs)	were	defined	
at	a	97%	similarity	
threshold.	
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