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Abstract
Introduction: Resveratrol and related polyphenols have therapeutic effects ranging 
from	 treatment	of	 depression,	Alzheimer's	 and	Parkinson's	 disease,	 obesity,	 diabe-
tes, neurodegeneration and ageing. TRH and TRH- like peptides, with the structure 
pGlu- X- Pro- NH2, where ‘X can be any amino acid reside, have reproductive, caloric- 
restriction- like, anti- ageing, pancreatic- β cell- enhancing, cardiovascular and neuro-
protective	effects.	We	hypothesize	that	TRH	and	TRH-	like	peptides	are	mediators	of	
the therapeutic actions of the resveratrol derivative pterostilbene (PT).
Methods: Sixteen young adult male Sprague– Dawley rats were divided into four 
groups.	 Control	 group	 remained	 on	 ad	 libitum	 chow	 and	water	 for	 10 days.	 Acute	
group	received	ad	libitum	chow	and	water	for	9 days	and	then	0.9	g	PT/250 g	rat	chow	
for	24 h.	Chronic	animals	received	PT	in	chow	for	10 days.	Withdrawal	rats	received	
PT	chow	for	8 days	and	then	normal	chow	for	2 days.	TRH	and	TRH-	like	peptide	levels	
were measured in medulla oblongata (MED), frontal cortex (FCX), hypothalamus (HY), 
amygdala	 (AY),	 hippocampus	 (HC),	 piriform	 cortex	 (PIR),	 nucleus	 accumbens	 (NA),	
entorhinal	cortex	(ENT),	striatum	(STR),	cerebellum	(CBL),	anterior	cingulate	(ACNG),	
posterior	cingulate	(PCNG),	prostate	(PR),	liver	(L),	testis	(T),	heart	(H),	pancreas	(PAN),	
adrenals	(AD)	and	epididymis	(EP).
Results: Significant changes in the levels of TRH and TRH- like peptides occurred 
throughout the brain and peripheral tissues in response to PT treatment.
Conclusion: The	high	responsiveness	of	PIR,	CBL,	HY,	STR,	PCNG,	MED,	FCX,	NA,	
ACNG	and	AY	in	brain	and	EP	and	PR	is	consistent	with	TRH	and	TRH-	like	peptides	
participating in the therapeutic effects of PT.
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1  |  INTRODUC TION

Resveratrol and related polyphenols such as pterostilbene (PT) have 
therapeutic effects ranging from treatment of depression and anx-
iety,1– 5 stress,6– 8 PTSD,5 epilepsy,9,10	 Alzheimer's	 and	 Parkinson's	
disease,11– 13 diabetes,13,14 obesity,15 cancer,16– 18 traumatic brain 
injury,5	 Huntington's	 disease,19 hypertension,20 pain,5,21 neu-
rodegeneration22– 25 and ageing.19,26– 30 Resveratrol upregulates 
mitochondria-	located	 antioxidant	 enzymes	 and	 triggers	mitochon-
drial biogenesis.31

TRH and TRH- like peptides, with the structure pGlu- X- Pro- NH2, 
where ‘X can be any amino acid reside, have antidepressant, anti- 
epileptic, analeptic, reproductive, caloric- restriction- like, anti- ageing, 
pancreatic- β cell- enhancing, cardiovascular and neuroprotective ef-
fects.32 The TRH/TRH- R1 receptor signalling pathway is an import-
ant mediator of brain– gut axis communication via the brain medulla.33 
TRH and TRH- like peptides occur not only throughout the CNS but 
also peripheral tissues, with particularly high levels in rat and human 
prostate.32,34 Resveratrol decreases both serum TSH and hypotha-
lamic	TRH	mRNA	expression	in	sub-	clinically	hypothyroid	rats.2

Resveratrol promotes expression of sirtuins (SIRTs).28,33 SIRTs 
are	 a	 family	 of	 NAD+-	dependent	 enzymes	 that	 catalyse	 post-	
translational modifications of proteins. They regulate cellular func-
tions and are associated with ageing and longevity. Dysregulation of 
SIRTs plays an important role in major diseases, including cancer and 
metabolic, cardiac and neurodegenerative diseases.35

Sulphated metabolites accumulate in the gut following oral in-
gestion of resveratrol where they promote the growth of beneficial 
bacteria such as Lactobacillus reuteri and up- regulate the expression 
of tight junction and mucin- related proteins.36 Perturbation of the 
gut microbiome by Rifaximin, an antibiotic which does not cross the 
gut– blood barrier, has a profound effect on the expression of repro-
ductive and brain TRH and TRH- like peptides.34

The present studies investigate the potential of TRH and TRH- 
like peptides being downstream mediators of PT because: (1) this 
polyphenol (see Figure 1) readily crosses the blood– brain barrier re-
sulting in increased bioavailability, clearance time and therapeutic 
potential compared to resveratrol37,38 and (2) TRH and TRH- like pep-
tides are important mediators of intracellular functions, which over-
lap those of PT and resveratrol, but are rapidly degraded by blood 
enzymes	and	cannot	cross	blood–	tissue	barriers.32

2  |  E XPERIMENTAL PROCEDURES

2.1  |  Animals

‘Young adult male Sprague- Dawley rats (n = 16, SPF, Envigo) were 
used for all experiments. These animals were group housed (2 ani-
mals per cage) on wood shavings with a red plastic tube for play and 
shelter. Standard Purina rodent chow #5001 and water were pro-
vided ad libitum during a standard one- week initial quarantine with 
22 ± 2°C	 and	50 ± 10%	 relative	humidity;	 lights	 on:	 6	 am	 to	6	pm.	

Cages,	water	 and	bedding	were	 changed	every	3 days.	All	 animals	
were weighed on the day of receipt and on the morning of each ex-
periment. Initial body weights did not differ between experimental 
groups.	Animals	were	randomized	prior	to	the	start	of	PT	treatment.	
Research	was	approved	by	the	VA	Greater	Los	Angeles	Healthcare	
System	Animal	Care	and	Use	Committee	(IACUC	Protocol	#030090-	
10)	and	conducted	in	compliance	with	the	Animal	Welfare	Act	and	
the federal statutes and regulations related to animals and experi-
ments involving animals and adheres to principles stated in the 
Guide	for	the	Care	and	use	of	Laboratory	Animals,	Eighth	Edition,	
NRC	 Publication,	 2011.	 All	 efforts	 have	 been	 made	 to	 minimize	
the	 number	 of	 animals	 used	 and	 their	 suffering.	 Animal	was	 han-
dled	 for	10 min	per	day	 for	one	month	 and	 then	 transferred	 from	
the	Veterinary	Medical	Unit	to	the	laboratory	12 h	before	the	start	
of	 experiments	 to	 minimize	 the	 stress	 of	 a	 novel	 environment’.32 
‘The	American	Veterinary	Medical	Association	has	concluded	 that	
decapitation without prior sedation “is conditionally acceptable 
if performed correctly, and it should be used in research settings 
when its use is required by the experimental design and approved 
by	the	Institutional	Animal	Care	and	Use	Committee”’.39 This study 
is	reported	in	accordance	with	ARRIVE	guidelines	(Animal	Research:	
Reporting of In Vivo Experiments) (https://arriv eguid elines.org).

‘Because of the 10-  to 100- fold changes in TRH and TRH- like 
peptide levels in response to the estrus cycle. female rats were not 
included	in	the	present	study’.40

2.2  |  Effect of acute, chronic and withdrawal 
treatment with PT in normal rat chow on 
levels of TRH and TRH- like peptides in rat brain and 
peripheral tissues

Sixteen	 young	 adult	 male	 Sprague–	Dawley	 rats	 (7 weeks),	 body	
weight	(mean ± SD)	203 ± 6	g,	were	divided	into	four	groups	(n = 4/
group).	PT	chow	was	prepared	by	adding	0.9	g	PT	(Sigma)	to	250 g	of	
standard rodent chow and blending thoroughly with a Ninja Model 
BL610	 Professional	 1000 W	 blender	 for	 30 s.	 The	 control	 (CON)	
group	remained	on	ad	libitum	standard	chow	and	water	for	10 days	
until	decapitation.	The	acute	 (AC)	group	 received	ad	 libitum	chow	
and	water	for	9 days	and	then	PT	chow	for	24 h.	Assuming	25 g	chow	
consumption/day,	this	would	provide	300 mg	PT/kg	body	weight	for	
300 g	rats.	The	chronic	(CHR)	animals	received	PT	chow	for	10 days.	
The	 withdrawal	 (WD)	 rats	 received	 PT	 chow	 for	 8 days	 and	 then	
normal	 chow	 for	2 days.	The	effect	of	PT	withdrawal	on	TRH	and	
TRH- like peptide levels when compared to the corresponding acute 
effects can reveal the relative contribution of changes in peptide 
biosynthesis (hours) to changes in peptide release (minutes).34

2.3  |  Dissection of rat brain and peripheral tissues

All	 rats	 were	 decapitated	 without	 anaesthesia	 to	 avoid	 rapid,	
anaesthetic- induced, blockade of peptide release.41 Nucleus 

https://arriveguidelines.org
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accumbens	(NA),	amygdala	(AY),	frontal	cortex	(FCX),	cerebellum	(CBL),	
medulla	oblongata	(MED),	anterior	cingulate	(ACNG),	posterior	cingu-
late (PCNG), striatum (STR), piriform cortex (PIR), hippocampus (HC), 
entorhinal	cortex	(ENT),	adrenals	(AD),	pancreas	(PAN),	prostate	(PR),	
epididymis (EP), testis (T), heart (H) and liver (L) were hand dissected, 
weighed rapidly and then extracted as previously described in detail.32

2.4  |  Serum hormone assays

Serum rat leptin, rat insulin, testosterone, free T4¸ total T3 and glu-
cose	were	measured	(assay	range,	intra-	assay	CV%)	with	the	follow-
ing	 commercial	 RIA	 kits:	 rat	 leptin	 (0.801–	200 ng/ml,	 3.2)	 and	 rat	
insulin (0.0329– 2.0 ng/ml, 4.8) (Linco Research, Inc.), testosterone 
(0.05–	40 ng/ml,	6.7),	free	T4	(0.045–	60 ng/dl,	4.6)	and	total	T3 (0.06– 
80 pg/ml,	4.8)	 (MP	Biomedical).	Serum	glucose	was	measured	with	
the	Contour	Next	EZ	Blood	Glucose	Monitoring	System	 (Ascensia	
Diabetes Care US, Inc.).

2.5  |  HPLC and RIA procedures, HPLC peak 
identification and quantitation

HPLC	 and	 RIA	 procedures,	 peak	 identification,	 and	 quantitation	
by co- chromatography with synthetic TRH and TRH- like peptides, 
relative potency analysis of multiple antibodies to TRH and TRH- 
like peptides, and mass spectrometry for comparing peak areas have 
been previously reported in detail.32– 45

Briefly, after boiling, tissues were dried, re- extracted with meth-
anol, dried and defatted by water— ethyl ether partitioning. Dried 
samples	were	dissolved	in	0.1%trifluroacetic	acid	(TFA)	and	loaded	
onto	reverse	phaseC18	Sep-	Pak	cartridges	(Water).	TRH	and	TRH-	
like	peptides	were	eluted	with	50%	methanol.	Dried	peptides	were	
again	dissolved	in	TFA,	filtered	and	then	fractionated	by	HPLC	using	
a	4.6 mm	×	150 mm	Econosphere,	3 mm	C18	reverse	phase	column	
(Dr.	 Maisch	 GmbH)	 and	 a	 0.2%/min	 gradient	 of	 acetonitrile.	 The	
0.5 ml fractions collected were dried completely and reconstituted 
with	0.10	ml	of	0.02%	NaN3	just	before	RIA.

The antiserum used (8B9) cross- reacts with TRH and nine TRH- 
like peptides with a relative potency of displacement ranging from 
2.31 (Lys- TRH) to 0.288 (Ser- TRH) relative to Tyr- TRH [Table 2, Ref. 
42]. Two of the regularly observed peaks (2a and 2b) consist of a mix-
ture of unidentified TRH- like peptides. Of the eight observed pep-
tides, three have so far been confirmed by mass spectrometry: TRH, 
Glu- TRH and Tyr- TRH.43 Tissue samples from the 4 rats within each 

treatment group were pooled prior to HPLC to provide the minimum 
amount	of	immunoreactivity	needed	for	reliable	RIA	measurements.

The mean recovery of TRH and TRH- like peptide immunoreac-
tivity	from	all	tissues	studied	was	84 ± 15%	(mean ± SD).	The	within-	
assay and between- assay coefficient of variation for measuring 
333 pg/ml	 TRH	was	 4.8%	 and	 16.9%,	 respectively.	 All	HPLC	 frac-
tions obtained from a given brain region or peripheral tissue were 
analysed	 in	 the	 same	RIA.	The	minimum	detectable	dose	 for	TRH	
was 5 pg/ml. The specific binding of [125I]TRH	(Bo/T)	was	25%.

2.6  |  Statistical analysis

Statistical methods for comparing peak areas were made with the 
aid	of	Statview	(Abacus	Concepts,	Inc.),	a	statistical	software	pack-
age	for	the	Macintosh	computer.	All	multi-	group	comparisons	were	
carried out by one- way analysis of variance using post hoc Scheffe 
contrast with the control group.

The mean within- group coefficient of variation (CV) (SD/mean, 
CV- within group) for each tissue and TRH/TRH- like peptide com-
bination, across four photoperiod intervals, has been previously re-
ported (circadian rhythm experiment) for untreated Sprague– Dawley 
male rats.46	Mean	within-	group	CVs	in	brain	ranged	from	4.5%	for	
TRH	levels	in	AY	to	43%	for	Phe-	TRH	in	HY,	and	from	12%	for	Val-	
TRH	in	testis	to	41%	for	Trp-	TRH	in	EP	for	peripheral	tissues.	These	
CVs were then used to estimate the level of significance, by one- 
way	ANOVA,	of	changes	 in	the	pooled	mean	values	 (see	Ref.	 [47]) 
of	 TRH	 and	 TRH-	like	 peptide	 levels	 following	 acute	 (AC),	 chronic	
(CHR)	 and	withdrawal	 (WD)	 ingestion	 of	 PT.	 Pooling	 of	 at	 least	 4	
tissue extracts was required to provide sufficient signal- to- noise 
in	the	RIA	for	many	brain	regions	and	to	keep	the	total	number	of	
HPLC	fractions	to	be	analysed	reasonable:	4	treatment	groups × 19	
tissues × 100	HPLC	fractions/tissue	pool	=	7600	RIA	samples	for	the	
present	study.	Without	pooling	the	total	number	of	HPLC	fractions	
would	have	been	4 × 7600	= 30,400.

3  |  RESULTS

3.1  |  Body weights

Mean body weights for all animals at the time of decapitation were 
333.5 ± 20.0	g.	Mean	animal	weights	 for	each	PT	treatment	group	
did not differ significantly with the untreated controls by one- way 
ANOVA.

F I G U R E  1 Pterostilbene	(PT)	is	a	
resveratrol derivative containing two 
added	methyl	groups	which	increase	it's	
lipophilicity and bioavailability
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3.2  |  Serum hormone levels following oral PT

Serum glucose levels for the CHR group were significantly lower 
than the CON group (p < .05).	All	other	serum	hormone	levels	did	not	
differ significantly between corresponding experimental groups by 
one-	way	ANOVA	(Table 1).

3.3  |  Overview of TRH and TRH- like peptide data

Our	 combined	 HPLC-	RIA	 methodology	 can	 resolve	 10	 TRH	 and	
TRH- like peptides: Glu- TRH, Peaks 2a and 2b (partially resolved 
mixture of TRH- like peptides), TRH, Val- TRH, Thr- TRH, Tyr- TRH, 
Leu- TRH, Phe- TRH and Trp- TRH.48 The present study evaluated 12 
brain	 regions	and	7	peripheral	 tissues	 for	 the	PT	experiment.	This	
represents	10 × 19	= 190 peptide mean values.

The number of significant changes in TRH and TRH- like peptide 
levels in brain resulting from PT treatment (in parentheses), in de-
scending order were as follows: PIR(16), CBL(16), HY(15), STR(14), 
PCNG(12),	MED(11),	NA(10),	ACNG(10),	AY(9)	and	FCX(7)	as	seen	in	
Table 2 and Figures 2 and 3. The corresponding ranking for periph-
eral	tissues	were	as	follows:	EP(17),	PR(13),	AD(8),	H(5),	T(4),	L(3)	and	
PAN(2)	(See	Table 3 and Figure 3).

4  |  DISCUSSION

Acute,	 chronic	 and	 withdrawal	 treatment	 with	 PT	 results	 in	 sig-
nificant increases in TRH, Leu- TRH, Trp- TRH, Phe- TRH, Tyr- TRH, 
Glu- TRH and Peak 2 and decreases in Val- TRH for piriform cortex 
(Table 2 and Figure 2). These changes result from alterations in the 
biosynthesis and/or release of these tripeptides.34 These remark-
able changes in peptide levels within the piriform cortex are consist-
ent with current knowledge regarding the role of TRH (and TRH- like 
peptides) as mediators of antidepressant effects in mammalian 
brain.32 The antidepressant activity of Tyr- TRH and analeptic effect 
of Val- TRH correspond with actions of TRH.32 TRH and TRH- like 
peptide biosynthesis occurs within large dense core vesicles (LDCV) 
of glutamatergic neurons. They are co- released with glutamate and 
act to moderate the effects of this excitotoxic neurotransmitter.32 
Neuropeptides, such as TRH, which are co- released with classical 

neurotransmitters are now considered primary mediators of brain 
circuit connectivity with a longer duration of action.49

TRH and TRH- like peptide levels were increased by PT treat-
ments in cerebellum, as seen in Table 2 and Figure 2. Pharmacological 
activation of SIRT1 with resveratrol significantly reduces motor in-
coordination	of	Machado-	Joseph	disease	mice,	a	degenerative	dis-
order	characterized	by	cerebellar	ataxia.50 Caloric restriction blocks 
this neuropathology and motor deficits.50 The anti- ataxic effects of 
TRH and analogs have been investigated in rolling mouse Nagoya 
or 3- acetylpyridine treated rats, which are regarded as a model of 
human cerebellar degenerative disease. TRH differentially affects 
clinical cerebellar ataxia.51 TRH participates in cerebellar long- term 
depression and motor learning.52

The traditional view of the cerebellum is that it controls motor 
behaviour. The cerebellum also plays an important role in normal and 
impaired social behaviours such as autism spectrum disorder53 as 
does resveratrol.54

Chronic treatment with PT increased the level of hypothalamic 
TRH, as shown in Table 2, which has antidepressant and anti- PTSD 
effects.32 Trans- resveratrol protects neurons against PTSD through 
regulation of limbic hypothalamus– pituitary– adrenal axis function 
and activation of neuroprotective molecules such as protein kinase 
A,	 phosphorylated	 cAMP	 response	 element-	binding	 protein	 and	
brain- derived neurotrophic factor expression.5	Antidepressant-	like	
effect of trans- resveratrol involves the regulation of the central se-
rotonin	and	noradrenaline	levels	and	related	MAO-	A	activities.8

Treatment with PT increased STR levels of TRH- like peptides in-
cluding Tyr- TRH, Phe- TRH and Val- TRH (Table 2 and Figure 2) which 
have antidepressant effects.32 Resveratrol can reverse the dysregu-
lation	of	mitochondrial	respiration	in	models	of	Huntington's	disease	
which selectively affects the striatum and cortex.19

Significant increases in TRH levels in posterior cingulate accom-
panied PT treatments (Table 2 and Figure 2). The posterior cingu-
late shows abnormalities in a range of neurological and psychiatric 
disorders	 including	Alzheimer's	disease,	 schizophrenia,	 autism,	de-
pression, attention deficit hyperactivity disorder and ageing.27 
Resveratrol	 treatment	 normalizes	 the	 peripubertal	 stress-	induced	
social investigation deficit.7

Microinjection of resveratrol into rostral ventrolateral medulla 
decreases sympathetic vasomotor tone through nitric oxide and in-
tracellular Ca2+	in	anaesthetized	male	rats.55 The resulting reduction 

TA B L E  1 Effect	of	oral	pterostilbene	on	serum	hormone	levels	of	male	rats

Testosterone
Nmol/L

fT3
pg/ml

fT4
ng/dl

Leptin
ng/ml

Rat insulin
ng/ml

Glucose
mg/dl

CORT
ng/ml

CON 10.0 ± 4.2 2.61 ± 0.30 2.49 ± 0.42 1.40 ± 0.25 0.15 ± 0.04 97	± 10 139 ± 32

AC 11.5 ± 3.1 1.90 ± 0.35 2.02 ± 0.17 1.86 ± 0.51 0.15 ± 0.01 109 ± 11 301 ± 35

CHR 10.1 ± 7.2 2.43 ± 0.45 2.43 ± 0.43 1.79	± 0.27 0.15 ± 0.01 97	± 6* 238 ± 35

WD 12.3 ± 7.1 2.54 ± 0.46 2.51 ± 0.49 1.67	± 0.16 0.15 ± 0.02 120 ± 5 243 ± 102

Note:	All	values	are	mean ± SD.
Abbreviations:	AC,	acute;	CHR,	chronic;	CON,	control;	WD,	withdrawal.
*p < .05	by	one-	way	ANOVA	using	post	hoc	Scheffe	contrasts	with	control	rats.
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F I G U R E  2 Representative	profiles	of	TRH	and	TRH-	like	peptide	responses	in	male	rats	to	pterostilbene	(PT)	treatment.	The	response	
profiles	in	(A–	C)	could	be	explained	by	PT-	induced	peptide	biosynthesis	along	with	a	compensatory	increase	in	peptide	release.	Withdrawal	
of PT results in a rapid decrease in peptide release (further increase in peptide level) while onset of decline in PT- induced biosynthesis is 
much slower. The profile in (D) suggests PT- induced peptide release, which is compensated by increased PT- dependent peptide biosynthesis. 
Upon	PT	withdrawal,	synthesis	declines	but	increased	release	persists.	*p	<	0.05;	**p	<	0.01;	***p	< 0.002

F I G U R E  3 Representative	profiles	of	TRH	and	TRH-	like	peptide	responses	in	male	rats	to	pterostilbene	(PT)	treatments.	The	response	
patterns	in	(A–	D)	are	consistent	with	PT-	stimulation	of	rapid-	onset	but	a	slowly	deceasing	rate	of	PT-	dependent	biosynthesis	which	is	
compensated by a slow- onset increase in peptide release. Upon PT withdrawal, peptide release stops abruptly (increased peptide level) 
while	PT-	induced	biosynthesis	declines	much	more	slowly.	*p	<	0.05;	**p	<	0.01;	***p	< 0.002
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in blood pressure, heart rate and renal sympathetic nerve activity is 
consistent with a decreased TRH release rate resulting in increased 
TRH levels, Table 2, following acute and withdrawal treatment with 
PT. TRH increases blood pressure, heart rate and renal sympathetic 
nerve activity.32

Chronic social defeat stress, a model of depression in rodents, 
increases SIRT1 levels in the nucleus accumbens, a key brain re-
ward region. Resveratrol, a pharmacological activator of SIRT1, 
when	 infused	bilaterally	 into	 the	NA,	 increased	depression-		 and	
anxiety- like behaviours.56	Increased	levels	of	TRH	in	NA	following	
acute, chronic and withdrawal PT treatment (Table 2), is consistent 
with increased biosynthesis and release of TRH which has anti-
depressant and anxiolytic actions in male rats.32	Anterior	 cingu-
late inputs to the nucleus accumbens control the social transfer 
of pain and analgesia.57 The marked PT- induced changes in TRH 
and TRH- like peptide levels (Table 2, Figures 2 and 3) within the 
cingulate and nucleus accumbens are noteworthy given these 
important neural and cognitive linkages between these brain re-
gions. SIRT1 in the brain is involved with ageing- associated disor-
ders and lifespan.58

The posteromedial nucleus of the cortical amygdala contains 
TRH- expressing neurons that control mating behaviour.59 Chronic 
PT treatment increased TRH levels in the amygdala. (Table 2). 
Amygdala	TRH	 levels	 fluctuate	 significantly	during	 the	 rat	oestrus	
cycle.40

High levels of transcriptional activity occur within the epididy-
mis.32	 Resveratrol	 improves	 sperm	DNA	 quality	 and	 reproductive	
capacity in type 1 diabetes.60 The highest levels of Glu- TRH, which is 
a sperm capacitation factor,32 occur within the epididymis and were 
significantly increased by acute and withdrawal treatments with PT 
(Table 3).

The tissue in male rats with the highest levels of TRH and 
TRH- like peptides is the prostate. The TRH levels are subject 
to a 12- fold variation during the 24- h photoperiod with highest 
level during the diurnal period.32 Because rats are nocturnal while 
humans are most active during the day, this may explain the ap-
proximately 10- fold higher levels of rat TRH immunoreactivity 
(TRH- IR) in daytime compared to humans.32 The highly significant 
increases in Glu- TRH levels in response to PT treatments (Table 3 
and Figure 3) are of particular interest because prostate cancer 
in particular, and other cancers, in general, have been found to 
be associated with nerves18 which are the main source of these 
peptides. They are co- secreted with glutamate and other neuro-
toxic stress- related neurotransmitters.32 Prostatic fluid contains 
TRH and other TRH- like peptides and appears to be secreted by 
epithelial cells.32

Oral PT has been reported to improve stress- related behaviours, 
neuroinflammation and hormonal changes in a mouse stress model.6 
Acute	and	chronic	PT	treatment	decreased	adrenal	TRH,	Tyr-	TRH,	
Leu- TRH and Phe- TRH levels in the adrenals (Table 3) consistent 
with increased release of these antidepressant peptides.32,44

Chronic treatment with PT reduced serum glucose (Table 1) 
and increased pancreatic Val- TRH and decreased Tyr- TRH levels 
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(Table 3). Resveratrol increases levels of SIRT1 which attenuates 
serum glucose in diabetic rats by increasing insulin production and 
insulin sensitivity.61

Pterostilbene and resveratrol strongly modulate ghrelin and leptin 
levels while these metabolism-  and obesity- related proteins profoundly 
alter the expression of TRH and TRH- like peptides.32	Alterations	in	the	
gut microbiome in response to modern lifestyles, and ageing34 suggest 
the examination of the extent of ghrelin and leptin mediation of PT 
modulation of TRH and TRH- like peptide expression is warranted.

5  |  CONCLUSIONS

Acute,	chronic	and	withdrawal	treatment	with	oral	PT	has	significant	
effects on the expression of TRH and TRH- like peptides through-
out the brain and peripheral tissues of male rats. These effects are 
consistent with these tripeptides playing a significant role in the 
antidepressant, anti- ataxic, anti- autistic, neuroprotective, antihy-
pertensive, anti- ageing, anxiolytic and reproductive effects of this 
resveratrol analog which readily crosses the blood– brain barrier and 
thereby enhances its bioavailability.
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