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Abstract. Diabetes often correlates with tau phosphorylation and the development of Alzheimer’s disease. Both are associated
with brain cholinergic dysfunction that could benefit from nerve growth factor (NGF)-based therapies. Electroacupuncture (EA)
improves brain NGF availability and action. Here we assessed the variations of NGF and tau phosphorylation in the cortex and
hippocampus, as well as the expression of choline acetyltransferase in the basal forebrain following diabetes induction and EA
in adult rats. We found that EA counteracts diabetes-associated tau hyperphosphorylation and decreases in NGF and choline

acetyltransferase, suggesting a possible beneficial effect of EA on brain cholinergic system in diabetes.
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INTRODUCTION

A link is emerging between diabetes and brain
pathologies, such as Alzheimer’s disease (AD), asso-
ciated with cholinergic dysfunctions [1, 2] and altered
metabolism of the microtubule-associated protein tau
[2, 3]. Higher AD incidence in diabetic patients [1] and
hyperphosphorylation of tau in diabetic animals [4—6]
have been reported.

Physical therapies with sensory fibers activation [7],
such as aerobic exercise, electroacupuncture (EA), and
transcutaneous electrical nerve stimulation, improve

*Correspondence to: Dr. Luigi Manni, PhD, CNR - National
Research Council of Italy, Institute of Translational Pharmacol-
ogy, via Fosso del Cavaliere 100, 00133 Rome, Italy. Tel.: +39 06
49934248; Fax: +39 06 45488257; E-mail: luigi.manni @ift.cnr.it.

learning-memory [8—10], modulate brain neurotrans-
mitters [11] and neurotrophins [12], induce brain
neurogenesis [13, 14], and decrease amyloid plaques
deposition [15].

The efficacy of EA on central cholinergic deficit
could be correlated to its effects on the modulation
of nerve growth factor (NGF) [16], a neurotrophin
indicated as a possible pharmacological tool in AD
[17]. The activation of receptor tyrosine-kinase A
(TrkA) by NGF promotes the expression of cholin-
ergic markers [18] and regulates tau phosphorylation
[19, 20]. However, the clinical use of NGF has been
hampered by side-effects [21] that can be avoided by
the activation of endogenous NGF activity, like that
promoted by EA [16].

We investigated the variations of TrkA and choline
acetyltransferase (ChAT) expression in neurons of the
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basal forebrain complex (BFC), which receive NGF
as trophic support from their projection nuclei in the
cortex and hippocampus, as well as of NGF content
and tau phosphorylation in the cortex and hippocam-
pus after induction of type 1 diabetes mellitus and EA
treatments in adult rats.

MATERIALS AND METHODS
Experimental plan

Type 1 diabetes mellitus was induced in adult female
Sprague-Dawley rats (Harlan-Nossan, Italy) by an i.p.
injection of 65 mg/kg streptozotocin (STZ) (Sigma-
Aldrich, Italy) dissolved in 20 mM citrate buffer pH
4.5 (vehicle) [22]. One week later, hyperglycemia was
checked by Accutrend®GC (Roche Diagnostic Gmbh,
Germany). Rats with blood glucose above 300 mg/dl
were enrolled in STZ groups. Forty-four rats were
divided as follows (n =12 each group): Controls were
injected once with vehicle; STZ rats received STZ
as described above; EA and STZ+ EA rats received
low frequency EA for 3 consecutive weeks starting 1
week after STZ. One day after the last EA session, 8
rats for each group were killed by decapitation, tis-
sues collected, and stored at —80°C. Four rats for
each group were trans-cardially perfused with 4%
paraformaldeyde dissolved in PBS, the brain removed
and processed for immunohistochemistry. All proce-
dures were in compliant with European regulations and
approved by intramural Ethical Committee.

Electroacupuncture
Rats of the EA groups received 30 min sessions of

EA twice a week for 3 weeks as described [23]. Details
about the EA procedure are given in the Supplementary

data (available online: http://www.j-alz.com/issues/
33/vol33-3.html#supplementarydata04).

NGF assay and western blot

Samples were ultra-sonicated in extraction buffer
as described [23], centrifuged and supernatants recov-
ered. NGF content was assessed by commercial ELISA
(R&D Systems DY556, Space ImportExport, Italy)
following manufacturer’s instructions.

For western blot, 20 ug of total protein were
separated by SDS-PAGE and transferred to PVDF
membrane. The membranes were incubated 1h with
5% non-fat dry milk in TTBS (10mM Tris, pH
7.5, 100mM NaCl, and 0.1% Tween-20), then
washed in. TTBS and incubated with primary anti-
bodies (summarized in Table 1) at 4°C overnight.
Horseradish peroxidase-conjugated anti-mouse or
anti-rabbit IgG (Cell Signaling Technology, USA)
were used as secondary antibodies. Blots were devel-
oped with ECL substrate (Millipore Corporation,
USA). Gel densitometry was performed as described
at http://lukemiller.org/index.php/2010/11/analyzing-
gels-and-western-blots-with-image-j/. The density of
GAPDH bands was used as normalizing factor.

Immunohistochemistry

Coronal brain sections (20 wm) were obtained from
Control, STZ, and STZ + EA rats. Those correspond-
ing to Bregma 1.00 to 0.60, containing BFC nuclei
according to Paxinos atlas [24], were processed
for immunohistochemistry. Slides were pre-incubated
with 10% normal goat serum in PBS +0.1% Triton X-
100 (PBST) for 2 h and then incubated overnight at 4°C
with a mix of antibodies against ChAT (Clone 17, pre-
viously described [25]) and TrkA (sc118, SantaCruz

Table 1

Summary of antibodies used for western blot and immunofluorescence analysis
Antibody Specificity Type Source
25778 GAPDH Polyclonal Santa Cruz Biotech.
Clone 15 Tau (total) Monoclonal Transduction Lab.
AD2 phosphoser396/404-Tau Monoclonal Courtesy of Prof. A. Delacourte
ATS phosphoger202-Tau Monoclonal Innogenetics
pT262 phosphosere2-Tau Polyclonal Anaspec
pT231 phosphorp3;-Tau Polyclonal Anaspec
9315 Gsk3p (total) Polyclonal Cell Signaling Technology
9336 phosphoser9-GSK3p Polyclonal Cell Signaling Technology
9212 p38 (total) Polyclonal Cell Signaling Technology
4631 phosphotnr180-Tyr182-p38 Polyclonal Cell Signaling Technology
Clone 17 Choline acetyltransferase (ChAT) Monoclonal Courtesy of Dr. C. Cozzari
sc-118 TrkA Polyclonal Santa Cruz Biotech
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Fig. 1. Nerve growth factor (NGF), choline acetyltransferase (ChAT), and tyrosine-kinase A (TrkA) expression in the brain cholinergic system
of diabetic rats are modulated by electroacupuncture (EA). The NGF levels (A) in the cortex and hippocampus of diabetic rats are decreased
compared to Controls (STZ versus Controls, p <0.05). Three weeks treatment with low-frequency EA did not exert significant effects on NGF
brain levels in healthy rats (EA versus Controls, p >0.05). EA treatments in diabetic rats counteracted STZ-induced NGF decrease (STZ versus
STZ +EA, p <0.05), increasing cortex and hippocampus NGF protein content toward Control levels. Results obtained by ELISA are presented as
pg of NGF/mg of total tissue protein (mean =+ S.D., n=8, *p <0.05). Protein concentrations were determined by Biorad DC Protein assay (Life
Science Group, Italy). (B) The expression of TrkA, ChAT, DAPI (for nuclei visualization), and colocalization of TrkA and ChAT in neurons of the
medial septum (MS) is depicted (scale bar: 50 wm). TrkA immunopositive cells (C) are decreased in the MS of STZ-treated rats when compared
to Controls. EA restores normal TrkA expression in the MS of STZ-treated rats. The same brain sections were also immunostained against ChAT.
ChAT-stained neurons in the MS of STZ-treated rats are greatly reduced, when compared to Controls. The amount of ChAT immunostaining in
the STZ + EA group is not different from Controls. For production of figures, brightness and contrast of images were adjusted by taking care to
leave a light tissue fluorescence background for visual appreciation of the lowest fluorescence intensity features and to help comparison among
the different experimental groups. (Scale bar: 200 wm). Cell count was performed on 2 non-adjacent sections for each brain (n = 8 sections each
group) by NIH ImageJ software equipped with a plugin (NeurphologyJ) specifically developed for automatic quantification of morphological
features (neurite length, neural soma quantification) in neuroscience. Data are expressed as mean immunopositive cell number & S.D. *p <0.05
versus Control group. *p <0.05 versus STZ group.
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Biotech, USA) dissolved in PBST + 1% goat serum.
In control slides, primary antibodies were replaced
by purified rabbit and mouse IgG. After washing
with PBST, slides were incubated for 1 h with a mix-
ture of Alexa Fluor® 488 goat anti-rabbit IgG and
Alexa Fluor® 594 goat anti-mouse IgG (Invitrogen
Italy, Italy). Sections were examined under a con-
focal laser-scanning microscope (Leica SP5, Leica
Microsystems, Germany). Two non-consecutive sec-
tions for each animal (8 sections/group) were analyzed
for automated cell count by ImageJ software (http://
rsbweb.nih.gov/ij/) and NeurphologyJ plugin [26].

Data analysis

Statistics were performed by the GraphPad 5
software (GraphPad Software Inc., USA) and data
expressed as mean + SD. Western blot, NGF-ELISA,
and computerized image analysis data (n=8 each
group) were evaluated by one-way ANOVA and
Tukey’s HSD test. A p<0.05 was considered signif-
icant. A summary of ANOVA results is presented in
Supplementary Table 1.

RESULTS
NGF and BFC cholinergic markers

STZ decreased NGF in the cortex and hippocampus,
while EA counteracted this effect (Fig. 1A). TrkA and
ChAT almost completely co-localized in the medial
septum (Fig. 1B), a nucleus of the BFC. projecting
to hippocampus and cortex [27]. STZ dramatically
decreased the number of TrkA and ChAT positive
cells, while EA significantly counteracted this effect
(Fig. 10).

Tau hyperphosphorylation

Western blots for tau and four different phospho-
tau epitopes (see Table 1) are shown in Fig. 2A. STZ
increased AD2 and ATS8 phosphorylation relative to
total tau in the cortex, while pT262 and pT231 were
unaffected. EA was able to decrease the levels of AD2
and ATS8 as well as pT262 in the cortex of diabetic
animals (STZ versus STZ + EA: p<0.05). Moreover,
AD?2, but not ATS, was increased in the hippocampus
of STZ-treated rats while EA reduced both AD2/tau
and AT8/tau ratios in diabetic rats.

Tau kinases phosphorylation

Western blots for total and phosphose9-GSK3[ and
total and phosphoThr180-Tyr182-p38 kinases are shown
in Fig. 2B. Both the active kinases (de-phosphorylated
GSK3p or phosphorylated p38) have been associ-
ated with tau phosphorylation in diabetes [4, 28]. We
found that phospho-GSK3 decreased and phospho-
p38 increased in cortex and hippocampus after STZ,
suggesting a connection with observed tau hyperphos-
phorylation. EA counteracted this STZ-induced effect
in the cortex and hippocampus. Other kinases involved
in tau phosphorylation, i.e., ERK1-2, JNKs and Akt,
have been found not modulated by STZ or EA, while
only ERK1-2 activation was increased in STZ +EA
group (data not shown).

DISCUSSION

We used experimental type 1 diabetes mellitus to
investigate the effect of EA on NGF, on NGF-related
biomarkers TrkA and ChAT, and on tau phosphoryla-
tion in the brain cholinergic system, which is known to
degenerate in AD and in diabetes [29]. EA, modulating

Fig. 2. EA counteracts the STZ-induced variation in tau and tau kinases phosphorylation in the brain. Representative western blots for total
tau, phosphorylated tau (see Table 1 for a list of epitopes investigated) and GAPDH as loading control in the cortex (A) and hippocampus
(B) of Controls, diabetic (STZ), EA-treated healthy (EA), and EA-treated diabetic rats (STZ+EA). Representative western blots for total
and phosphorylated (Ser9)-GSK3B (p-GSK3) and phosphorylated (Thr180Tyr182)-p38 (p-p38) kinases and GAPDH in the cortex (C) and
hippocampus (D) of experimental groups. Graphs show the results of quantitative densitometry with GAPDH integrated optical density used
as normalization factor. Statistics were performed on four separate gel run/blots over different sets of two samples for each experimental group
(n=28). Results are presented as mean & S.D., *p <0.05 versus Controls, #p <0.05 versus STZ. Cortex: The ratio between AD2, AT8, and total
tau (A) increased after diabetes induction, indicating hyperphosphorylation of the two epitopes, and reverted to baseline by EA (STZ + EA versus
STZ, p<0.05; STZ+ EA versus Controls, p >0.05). STZ also induces a decrease of the p-Gsk33/Gsk3[ and an increase of p-p38/p38 ratios in
the cortex (C, STZ versus Controls, p <0.05), indicating a diabetes-associated increase in the activity of the two kinases. Both of the mentioned
alterations in kinases phosphorylation were counteracted by EA (STZ+EA versus STZ, p <0.05). Hippocampus: The ratio between AD2 and
total tau (B) was not affected by STZ (STZ versus Controls, p >0.05) but was decreased by EA in both healthy (EA versus Controls, p <0.05)
and diabetic rats (STZ + EA versus STZ, p <0.05). The AT8/tau ratio (B) was decreased by diabetes (STZ versus Controls, p <0.05) and further
decreased by EA in STZ rats (STZ+EA versus STZ, p<0.05). STZ induces a decrease of the p-Gsk33/Gsk3 and an increase of p-p38/p38
ratios in the hippocampus (D, STZ versus Controls, p <0.05), indicating a diabetes-associated increase in the activity of the two kinases. Both
of the mentioned alterations in kinases phosphorylation were counteracted by EA (STZ + EA versus STZ, p <0.05).
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NGEF synthesis/activity, might improve the function of
damaged neurons in the central nervous system [16].
Similar to that observed in AD, STZ-induced diabetes
has been associated with central cholinergic dysfunc-
tions [29] and to altered NGF and NGF signaling in
the brain [30]. We found that type 1 diabetes melli-
tus decreased NGF in the cortex and hippocampus and
impaired the expression of TrkA and ChAT in BFC. We
also found that EA-treatment can enhance the content
of NGF in diabetic brain, with potential improvement
in the function of BFC neurons. This is supported by
the EA-induced increase of ChAT in the BFC, with
ChAT expression in such nuclei directly regulated by
the NGF [31] produced in the cortex and hippocampus.

Both AD and experimental diabetes are character-
ized by tau hyperphosphorylation [1, 4, 6, 32]. Though
restricted to four phosphorylation sites among several
described in tauopathies [32], our data confirm that
experimental type 1 diabetes mellitus correlates with
disturbance of tau metabolism [4] that we found in the
cortex of diabetic rats. Other studies also found tau
hyperphosphorylation in the hippocampus of diabetic
male rats [28]. We only found STZ-induced alter-
ations in tau kinases in the hippocampus, and it is
conceivable that the lack of tau hyperphosphorylation
depends on experimental timeframe and/or on gender
difference in the response to STZ [33]. We also demon-
strated that EA counteracted STZ-induced increase in
tau phosphorylation, likely by modulating the activity
of GSK3p and p38 kinases, which have been previ-
ously found deregulated in the STZ model [4, 28] and
have been correlated with tauopathy in AD [32]. How-
ever, we cannot exclude that phosphatases involved in
tau metabolism could also be modulated by STZ [28]
and/or EA.

Our data suggest the possibility that EA normal-
izes tau kinases activity by improving cholinergic
neurotransmission from BFC to the cortex and hip-
pocampus [34]. It is known that physical exercise,
sharing with EA common physiological substrates
[7], improves cholinergic functions by stimulating
NGF action in STZ-treated rats [12]. It has also
been demonstrated that acupuncture reversed the
corticosterone-induced decrease of ChAT in the BFC
[35] and that EA improves cholinergic-related behav-
ioral tasks in stressed mice [36], indicating that
peripheral needling could influence the phenotypic
features of BFC neurons. Here we postulate that EA
induces an enhancement of NGF delivery from cor-
tex and hippocampus to their afferent nuclei in the
BFC. The NGF-driven augmentation of BFC cholin-
ergic neurotransmission could in turn result in an

activity-dependent decrease of tau hyperphosphoryla-
tion in the cortex and the hippocampus. Further studies
using cholinergic antagonists and/or NGF blockers will
clarify the proposed mechanism.

We cannot exclude that tau dysmetabolism in our
experimental model could be secondary not only to
hypoglycemia but also to decrease of body tempera-
ture induced by STZ, though this seems unlikely in our
experimental conditions, given that reduction of body
temperature has been reported to occur 30 days after
STZ treatment [37]. Nevertheless, we demonstrated
the effectiveness of EA in counteracting tau hyper-
phosphorylation in experimental diabetes suggesting
a therapeutic link among EA, the NGF system, and
cholinergic neurotransmission.

ACKNOWLEDGMENTS

We acknowledge Prof. A. Delacourt (Inserm, Lille
Cedex, France) for providing AD2 antibody and Dr.
C. Cozzari (Institute of Cellular Biology and Neurobi-
ology, CNR, Italy) for ChAT clone 17 antibody. This
work was supported by PRIN 2009KP83CR to NC.

Authors’ disclosures available online (http://www.j-
alz.com/disclosures/view.php?id=1505).

REFERENCES

[1] Biessels GJ, Kappelle LJ (2005) Increased risk of Alzheimer’s
disease in Type II diabetes: Insulin resistance of the brain or
insulin-induced amyloid pathology? Biochem Soc Trans 33,
1041-1044.

[2] Gispen WH, Biessels GJ (2000) Cognition and synaptic plas-
ticity in diabetes mellitus. Trends Neurosci 23, 542-549.

[3] Kroner Z (2009) The relationship between Alzheimer’s dis-
ease and diabetes: Type 3 diabetes? Altern Med Rev 14,
373-379.

[4] Clodfelder-Miller BJ, Zmijewska AA, Johnson GV, Jope RS
(2006) Tau is hyperphosphorylated at multiple sites in mouse
brain in vivo after streptozotocin-induced insulin deficiency.
Diabetes 55, 3320-3325.

[5] Planel E, Miyasaka T, Launey T, Chui DH, Tanemura K, Sato
S, Murayama O, Ishiguro K, Tatebayashi Y, Takashima A
(2004) Alterations in glucose metabolism induce hypother-
mia leading to tau hyperphosphorylation through differential
inhibition of kinase and phosphatase activities: Implications
for Alzheimer’s disease. J Neurosci 24, 2401-2411.

[6] FreudeS,PlumL, Schnitker J, Leeser U, Udelhoven M, Krone
W, Bruning JC, Schubert M (2005) Peripheral hyperinsu-
linemia promotes tau phosphorylation in vivo. Diabetes 54,
3343-3348.

[71 AnderssonS, Lundeberg T (1995) Acupuncture - from empiri-
cism to science: Functional background to acupuncture effects
in pain and disease. Med Hypotheses 45, 271-281.

[8] Guo Y, Shi X, Uchiyama H, Hasegawa A, Nakagawa Y,
Tanaka M, Fukumoto I (2002) A study on the rehabilitation
of cognitive function and short-term memory in patients with

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

242

243

244

245

246

247

248

249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270

272
273
274
275
276
277


http://www.j-alz.com/disclosures/view.php?id=1505

278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
(18]

[19]

[20]

[21]

M.L. Rocco et al. / Electroacupuncture and Diabetic Brain 7

Alzheimer’s disease using transcutaneous electrical nerve
stimulation. Front Med Biol Eng 11, 237-247.

You JS, Kim CJ, Kim MY, Byun YG, Ha SY, Han
BS, Yoon BC (2009) Long-term treadmill exercise-
induced neuroplasticity and associated memory recovery of
streptozotocin-induced diabetic rats: An experimenter blind,
randomized controlled study. NeuroRehabilitation 24, 291-
297.

Jee YS, Ko IG, Sung YH, Lee JW, Kim YS, Kim SE, Kim BK,
Seo JH, Shin MS, Lee HH, Cho HJ, Kim CJ (2008) Effects
of treadmill exercise on memory and c-Fos expression in the
hippocampus of the rats with intracerebroventricular injection
of streptozotocin. Neurosci Lett 443, 188-192.

Ma Q (2008) Beneficial effects of moderate voluntary phys-
ical exercise and its biological mechanisms on brain health.
Neurosci Bull 24, 265-270.

Chae CH, Jung SL, An SH, Park BY, Wang SW, Cho IH,
Cho JY, Kim HT (2009) Treadmill exercise improves cog-
nitive function and facilitates nerve growth factor signaling
by activating mitogen-activated protein kinase/extracellular
signal-regulated kinase1/2 in the streptozotocin-induced dia-
betic rat hippocampus. Neuroscience 164, 1665-1673.

Kim HB, Jang MH, Shin MC, Lim BV, Kim YP, Kim KJ, Kim
EH, Kim CJ (2003) Treadmill exercise increases cell prolif-
eration in dentate gyrus of rats with streptozotocin-induced
diabetes. J Diabetes Complications 17, 29-33.

Kim EH, Jang MH, Shin MC, Lim BV, Kim HB, Kim Y]J,
Chung JH, Kim CJ (2002) Acupuncture increases cell pro-
liferation and neuropeptide Y expression in dentate gyrus
of streptozotocin-induced diabetic rats. Neurosci Lett 327,
33-36.

Yuede CM, Zimmerman SD, Dong H, Kling MJ, Bero AW,
Holtzman DM, Timson BF, Csernansky JG (2009) Effects
of voluntary and forced exercise on plaque deposition, hip-
pocampal volume, and behavior in the Tg2576 mouse model
of Alzheimer’s disease. Neurobiol Dis 35, 426-432.

Manni L, Albanesi M, Guaragna M, Barbaro Paparo S, Aloe L
(2010) Neurotrophins and acupuncture. Auton Neurosci 157,
9-17.

Dreyfus CF (1989) Effects of nerve growth factor on cholin-
ergic brain neurons. Trends Pharmacol Sci 10, 145-149.
Allen SJ, Dawbarn D (2006) Clinical relevance of the neu-
rotrophins and their receptors. Clin Sci (Lond) 110, 175-191.
Nuydens R, Dispersyn G, de Jong M, van den Kieboom G,
Borgers M, Geerts H (1997) Aberrant tau phosphorylation
and neurite retraction during NGF deprivation in PC12 cells.
Biochem Biophys Res Commun 240, 687-691.

Zhang ZH, Xi GM, Li WC, Ling HY, Qu P, Fang XB (2010)
Cyclic-AMP response element binding protein and tau are
involved in the neuroprotective mechanisms of nerve growth
factor during focal cerebral ischemia/reperfusion in rats. J
Clin Neurosci 17, 353-356.

Eriksdotter Jonhagen M, Nordberg A, Amberla K, Back-
man L, Ebendal T, Meyerson B, Olson L, Seiger, Shigeta
M, Theodorsson E, Viitanen M, Winblad B, Wahlund LO
(1998) Intracerebroventricular infusion of nerve growth fac-
tor in three patients with Alzheimer’s disease. Dement Geriatr
Cogn Disord 9, 246-257.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Ferner RE (1992) Drug-induced diabetes. Baillieres Clin
Endocrinol Metab 6, 849-866.

Manni L, Florenzano F, Aloe L (2011) Electroacupuncture
counteracts the development of thermal hyperalgesia and the
alteration of nerve growth factor and sensory neuromodula-
tors induced by streptozotocin in adult rats. Diabetologia 54,
1900-1908.

Paxinos G (1982) The rat brain in stereotaxic coordinates,
Academic Press, Sydney.

RicceriL, Tirassa P, Aloe L, AllevaE (1993) Postnatal cocaine
exposure affects neonatal passive avoidance performance and
cholinergic development in rats. Pharmacol Biochem Behav
45, 283-289.

Ho SY, Chao CY, Huang HL, Chiu TW, Charoenkwan
P, Hwang E (2011) NeurphologyJ: An automatic neuronal
morphology quantification method and its application in phar-
macological discovery. BMC Bioinformatics 12, 230.
Gaykema RP, Luiten PG, Nyakas C, Traber J (1990) Corti-
cal projection patterns of the medial septum-diagonal band
complex. J Comp Neurol 293, 103-124.

Qu Z, Jiao Z, Sun X, Zhao Y, Ren J, Xu G (2011) Effects
of streptozotocin-induced diabetes on tau phosphorylation in
the rat brain. Brain Res 1383, 300-306.

Welsh B, Wecker L (1991) Effects of streptozotocin-induced
diabetes on acetylcholine metabolism in rat brain. Neurochem
Res 16, 453-460.

Sposato V, Manni L, Chaldakov GN, Aloe L (2007)
Streptozotocin-induced diabetes is associated with changes in
NGF levels in pancreas and brain. Arch Ital Biol 145, 87-97.
Silver MA, Fagiolini M, Gillespie DC, Howe CL, Frank
MG, Issa NP, Antonini A, Stryker MP (2001) Infusion of
nerve growth factor (NGF) into kitten visual cortex increases
immunoreactivity for NGF, NGF receptors, and choline
acetyltransferase in basal forebrain without affecting ocular
dominance plasticity or column development. Neuroscience
108, 569-585.

Hernandez F, Avila J (2007) Tauopathies. Cell Mol Life Sci
64, 2219-2233.

Vital P, Larrieta E, Hiriart M (2006) Sexual dimorphism in
insulin sensitivity and susceptibility to develop diabetes in
rats. J Endocrinol 190, 425-432.

Hellstrom-Lindahl E (2000) Modulation of beta-amyloid
precursor protein processing and tau phosphorylation by
acetylcholine receptors. Eur J Pharmacol 393, 255-263.

Lee B, Sur BJ, Kwon S, Jung E, Shim I, Lee H, Hahm DH
(2012) Acupuncture stimulation alleviates corticosterone-
induced impairments of spatial memory and cholinergic
neurons in rats. Evid Based Complement Alternat Med 2012,
670536.

Manni L, Aloe L, Fiore M (2009) Changes in cognition
induced by social isolation in the mouse are restored by
electro-acupuncture. Physiol Behav 98, 537-542.

Planel E, Tatebayashi Y, Miyasaka T, Liu L, Wang L, Her-
man M, Yu WH, Luchsinger JA, Wadzinski B, Duff KE,
Takashima A (2007) Insulin dysfunction induces in vivo tau
hyperphosphorylation through distinct mechanisms. J Neu-
rosci 27, 13635-13648.

336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392



