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Introduction

Huperzine A (Hup A), extracted from a club moss
(Huperzia serrata), isan unsaturated sesquiterpene alkaloid
with apyridonemoiety and primary amino group. Itsempiri-
cal formulais C;sHgN,O, and its molecular weight is 242.
Chemically, Hup A is 9-amino-13-ethylidene-11-methyl -4-
azatricyclo[7.3.1.0(3.8)] trideca-3(8), 6, 11-trien-5-one, and

Abstract

Aim: To determine the uptake extent of Huperzine A (Hup A) into the brain after
intranasal adminigtration of Hup A insitu gd torats, and to compare the pharma-
cokinetic parameters between intranasal administration and iv and po. Methods:
Hup A was administered to mal e Sprague-Dawley ratsvianasal, iv and oral routes
at the dose of 166.7, 166.7, and 500 pg/kg, respectively. Blood and brain tissue
samples including the cerebrum, hippocampus, cerebellum and ol factory bulb
were collected, and the concentrations of Hup A in the samples were assayed by
HPLC. Theareaunder the concentration—time curve (AUC,_;,,) and theratio of
the AUC,, to the AUC,, 5, (drug targeting efficiency, DTE) were calculated to
eval uate the brain targeting efficiency of the drug via 3 administration routes.
Results: The AUC, . ¢, of the drug in the cerebrum, hippocampus, cerebellum,
left olfactory bulb and right olfactory bulb after intranasal administration of the
HupAinstugd werel.5, 1.3,1.0, 1.2, and 1.0 times of those after iv administration
of theinjection, and 2.7, 2.2, 1.9, 3.1, and 2.6 times of those after admini stration of
the oral formulation. The AUC ;006 /AUC,asma0—6n Of HUP A in the cerebrum,
hippocampus and Ieft olfactory bulb following theintranasal administration dose
were sgnificantly higher (P<0.05) than theiv dose. Conclusion: Intranasal deliv-
ery showed a viable, non-invasive strategy for delivering the drug into brain.

itsstructureisshown in Figure 1. Hup A isa powerful and

reversibleinhibitor of acetyl cholinesterase. The agent eas-

Figure 1. Chemical structure of Hup A.

ily penetratesthe blood brain barrier (BBB) and it isa prom-
ising therapeutic agent for Alzheimer’ sdisease. There are

severa formsof Hup A, induding tablet, capsule, transdermal
delivery system, injection and sustained release injectable
microsphere. Because Hup A can influence the chaolinergic
system and resultsin side effects to peripheral tissues, it is
important to improve Hup A brain-targeting efficiency by

targeting routes™.

Intranasal drug administration offers rapid absorption to
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the systemic blood avoiding first-pass metabolism, and it
has been shown to present a safe and acceptabl e alternative
to the parenteral administration of alot of drugs. Several
studies have shown adirect route of transport from the ol-
factory region tothe central nervoussystemin animal modds,
without prior absorption to the circulating blood.

Gl formulations can increase the contact time with the
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mucosa and thereby facilitate the uptake extent of the drug.
Onthe other hand, in order totarget thedrug to the olfactory
mucosa, higher deposition of the drug in the nasal areais
crucial, so low viscosity of theformulationsisrequired. In
situ gel was designed to meet the requirement of the above
purposes. In thisstudy, in situ gd of gellan gum was used.
In an ion-freeenvironment, the solution of gellan gum exhib-
itsalow viscosity, which formsastrong gel at physiological
cation concentration. It isliquid-likein vitro and can be
administered easily as adrop or by a spray device and be-
come semi-solid as soon as thereis contact with the mucosa.

The aim of this paper was to study the drug brain distri-
bution in therats following unilatera intranasal administra-
tion of theHup A in situ gel. Intravenous administration of
Hup A injection and administration of the oral formulation
(Hup A tablets dispersed in distilled water) were compared
with intranasal administration.

Materials and methods

Chemicals Hup Ainstuge (2 g/L) was obtained from
the Division of Pharmaceuticsof Shanghai I nstitute of Phar-
maceutical Industry (Shanghai, China). The Hup A injection
(0.2 g/L) was purchased from Zhejiang Wanbang Pharma-
ceutical Limited Cooperation (Taizhou, Zhgjiang, China). The
oral formulation (0.15 g/L) was made by dispersing Hup A
tabletsin distilled water. Hup A tablets (50 ug per tablet)
were produced by Shanghai Fudan Fuhua Pharmaceutical
Limited Cooperation (Shanghai, China). HPLC-grademetha-
nol was purchased from No 1 Zhenxing Chemical Industry
Factory (Shanghai, China). Analytical gradechloral hydrate
was purchased from Shanghai Chemica Agent Cooperation
(Shanghai, China), and triethanol aminewasfrom Shanghai
Lingfeng Chemical Agent Limited Cooperation (Shanghai,
China). (9-9,10-difluoro-3-methyl-7-oxo-2,3-dihydro-7H-
pyrido[ 1,2,3-de][1,4] benzoxazine-6-carboxylicacid methyl es-
ter (used asan internal standard [19]), its structureshown in
Figure 2, was obtained from the Division of Chemical Syn-
thesis of Shanghai Institute of Pharmaceutical Industry

Figure 2. Structure of (S)-9,10-difluoro-3-methyl-7-oxo0-2,3-
dihydro-7H-pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid
methyl ester.
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(Shanghai, China).

Animals Male Sprague-Dawley ratsweighing about 300 g
were purchased from Shanghai Laboratory Animal Center,
Chinese Academy of Sciences(Shanghai, China).

For theintranasal administration, the rats were anesthe-
tized with an ip injection of 10% chloral hydrate solution,
and 25 pL of the nasal formulation (Hup A in situ gel) was
administered viaaPE 10 tube attached toamicralitre syringe
inserted 1 cminto left nostril of ratsat a 166.7 pg/kg dose.
For theiv administration, the Hup A injection was delivered
(166.7 pg/kg) through the cauda vein. Ora gavageof Hup A
(500 pg/kg) was performed by attaching a stainless steel
feeding needle to a 1 mL syringe containing the oral
formulation. At0.08,0.25,0.5,0.75, 1, 1.5, 2, 3, 4and 6 h after
theintranasal or oral dose, andat 0.03, 0.08,0.25,0.5,1, 1.5, 2,
3, 4, and 6 h after theiv dose, the animal s were decapitated
and the blood was collected from the trunk. Then the skull
was cut open and the olfactory bulb, hippocampus, cere-
brum and cerebellum were carefully excised. Thebrain tis-
sues were quickly rinsed with saline and bl otted with filter
paper to remove the blood taint and macroscopic blood ves-
selsasmuch as possible. After weighing, the olfactory bulb,
hippocampus, cerebrum and cerebellum samples were ho-
mogenized with 0.4, 0.4, 0.5, and 1 mL water in tissue
homogenizers, respectively. Blood sampl eswere anticoagu-
lated with heparin and centrifuged at 5000 xg for 10 min to
obtain the plasma.

Both plasmaand brain tissue homogenates were stored
in adeep freezer at -20 °C until HPLC analysis. Measure-
ments were repeated on 4 rats at each time point.

Sample preparation For the175 pL plasmasamplesor
0.2 g brain tissue homogenates, 10 pL IS methanol solution
(2mg/L for theplasmasampleand 1 mg/L for thebraintissue
sample), 100 pL NaCO4-Na,BO, buffer (pH 11.5) and 2 mL
chloroform wereadded. The mixture wasvortexed for 5 min
and centrifuged at 5000xg for 10 min. Then the organic phase
was transferred to a conical tube and evaporated to dryness
under a gentle fluid of nitrogen at 40 °C. For the plasma
sample, the residue was recongtituted in the 50 pL mobile
phase, and then 20 pL supernatant was injected onto the
HPLC system. For the brain tissue samples, theresdue was
reconstituted in 100 pL 0.01 mol/L acetic acid solution, and
then 40 uL supernatant was injected onto the HPLC system
after centrifugation at 20 000xg for 5 min. Samples were
guantified using peak arearatio of HupA toIS.

High performanceliquid chromatography TheHPLC
system consisted of the LC-10AD VP ddlivery system, RF-
10AXL fluorescence spectrophotometric detector, and
CLASS-VP chromatographic integrator (Shimadzu, Japan).
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The separation was performed on a Kromasil C-8 column
(5 pmx4.6 mmx15 mm). The mobile phase consisted of
methanol:water:triethanol amine(45:55:0.05). Briefly, aflow
rateof 1 mL/min, runningtime of 12 min, detector excitation
at 310 nm and emission at 370 nm were used?.

Phar macokinetic calculationsand statistics The C,,,
and t,, values were read directly from the concentration—
time profile. The area under the concentration-time curve
(AUC,.,) was calculated by the trapezoidal rule. Thevari-
ance for the AUC,_.,was estimated using the method of Yuan™.
The absolute oral or nasal bioavailability of Hup A was cal-
culated astheratio of the AUC,,(AUC,,,) to the AUC,:

F.=(AUC, xDoss,)/(AUC,xDose,,)x100%

Theratio of theAUC,,;, to the AUC s, (drug targeting
efficiency) was calculated to evaluate the brain targeting of
thedrug via 3 administration routes. The statistical differ-
ences were assessed using the unpaired Student’s t-test.

Foralz(AUCoralxDMV)/(AUCiVXDO%oraI)x]-OOO/O

Results

Deter mination of Hup Ainrat plasmaand brain tissue
byHPLC

Separation and specificity Blank sampleswere chro-
matographically screened and there was no chromatographic
interference with Hup A or IS, the retention times of Hup A
and | Swere approximately 6.8 and 8.8 min, respectively. The
chromatograph isshown in Figure 3.

Calibration and linearity Thecalibration curvesof HupA
were prepared with drug-free plasmaand brai n tissuesamples
spiked with known amounts of the drug, utilizing the peak
arearatio of Hup A to IS. Thelinear range of Hup A was
2.86-285.71 ng/mL for theplasma, and 1.25-125 ng/g for the
brain tissue.

Precision and accuracy Theinter- and intra-day preci-
sions[relativestandard deviation (SD)] and accuracy [relative
deviation (RD)] aresummarizedin Tables 1 and 2.

Recovery For the plasma samples, the average extrac-
tion recoveries of Hup A for the low, medium and high QC
were 84.59%, 79.10%, and 73.52%, respectively. For brain
tissues samples, they were 71.47%, 68.21%, and 68.18%,
respectively. The average extraction recoveries of IS were
86.64% and 65.38% in the plasmaand brain samples.

Phar macokinetic analyssand brain tissuedistribution
of HupA

0.010 0.010 0.010
2
A B 2 C
0.005 0.005 . 0.005 ]
0.000 0.000 0.0001
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
0.010 0.010 0.010
D E F
z 0.005 0.005 1 3 0.005 2
= 1 1
0.000 _,« 0.000 0.000]
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
0.010 0.010 0.010
G H |
- 2
0.005 ] 0.005 0.005
2 2
1 1 1
0.000 0.000 ‘,-1 0.000 ]
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

Time/min

Figure 3. HPLC chromatogram of blank plasma (A), blank plasmat+Hup A+shix (B), plasma sample(C), blank brain tissue(D), blank brain
tissue+Hup A+shix (E), cerebellum sample (F), cerebrum sample (G), hippocampus sample (H), olfactory bulb sample (I). 1, Hup A; 2, IS.
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Table 1. Inter- and intra-day precision and accuracy of quantifying
Hup A (ng/mL) in rat plasma samples using the described HPLC
method.

Table 2. Inter- and intra-day precision and accuracy of quantifying
Hup A (ng/g) in rat brain tissue samples using the described HPLC
method.

Actual Detected Precision Accuracy Actual Detected Precision Accuracy
concentration  concentration (RSD %) (RD %) concentration  concentration (RSD %) (RD %)
(Mean+SD, n=5) (Mean+SD, n=5)
Inter-day 7.14 7.13+1.13 15.79 99.79 Inter-day 2.5 2 .78+0.29 10.61 111.24
28.57 30.21+2.84 9.39 105.72 25 24.70+1.50 6.06 98.82
142.86 138.60+15.54 11.21 97.02 125 127.04+3.51 2.77 101.63
Intra-day 7.14 7.64+1.07 14.06 107.00 Intra-day 2.5 2.60+0.35 13.59 104
28.57 31.78+2.91 9.17 111.24 25 26.01+1.87 7.2 104.04
142.86 139.69+16.72 11.97 97.78 125 124.55+4.31 3.46 99.64

Rats plasma and brain tissue distribution of Hup A
The mean brain tissue and plasma concentrati on-time pro-
files of Hup A in male rats following a single dose of the
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Figure 4. Mean concentration-time profiles of Hup A in the plasma and various brain regions after intranasal, iv and oral administration to
male rats (n=4). in, in situ gel; iv, injection; oral, oral formulation. Concentrations corrected for the differences in doses.

276



Http://www.chinaphar.com

Zhao Y et al

doseof 166.7 pg/kg, theAUC, .\, of Hup A in the cerebrum,
hippocampus, cerebellum, eft olfactory bulb, right olfactory
bulb and plasma were 113.45+10.59 ng-h-g*, 101.69+9.20
ng-h-g*, 101.52+9.47 ng-h-g*, 376.58+36.81 ng-h-g™*,
322.51+31.49ng-h-g*, and 202.30+18.86 ug-h-L %, respectively.

The AUC, ¢, of Hup A in the cerebrum, hippocampus,
cerebellum, olfactory bulb and plasma following iv dose of
166.7 ug /kg were 76.83+7.76 ng-h-g?, 76.55+7.02 ng-h-g%,
99.88+9.64 ng-h-g*, 326.39+40.53 ng-h-g*, and 209.71+18.52
ug-h-L™, respectivey; and those after oral formulation at the
doseof 500 ug /kg were 124.21+10.95 ng-h-g*, 141.38+18.74
ng-h-g*, 161.56+21.34 ng-h-g*, 364.06+25.52 ng-h-g*, and
256.48+29.42 ug-h-L ™, respectively.

The absolute nasal biocavailability in the cerebrum,
hippocampus, cerebellum, |eft olfactory bulb, right olfactory
bulb and plasmawere 147.7%, 132.8%, 101.6%, 115.4%,
98.8%, 96.5%, respectively. The absolute oral biocavail ability
in the cerebrum, hippocampus, cerebellum, olfactory bulb
and plasma were 53.9%, 61.6%, 53.9%, 37.2 %, and 40.8%
respectively.

TheAUC,. ¢, of HupA in theplasmaand all brain tissue
samples after intranasal administration of the Hup A in situ
gel were significantly higher (P<0.01) than those adminis-
tered with the oral formulation.

The uptake extent of Hup A into the cerebrum and hip-
pocampus 6 h after intranasal administration of the Hup A in
situ gel to the rats was significantly higher (P<0.01) than
that after iv administration of theinjection. And therewasno

0.80 Cerebrum

differencein the AUC, . ¢, in the cerebellum, olfactory bulb
and blood samplesfrom ratsreceiving the drug in the form of
ivinjection and nasal in Situ gel.

AUC,/AUC,55ma Of Hup A after iv administration of
the injection and intranasal administration of the in situ
gel to male rats The AUC,,;/AUC,,5nsOf HUp A, asthe
drug targeting efficiency (DTE), after a single dose of theiv
injection and the nasal in stu gel areillustrated in Figure 5.
Compared with intravenousinjection, the intranasal admin-
istration of the in situ gel produced significantly higher
(P<0.05) levels of the AUC,,i/ AUC,;smai N the left dlfactory
bulb over 0.083-6 h, and in the right olfactory bulb over
0.083-1 h. The AUC,,;/AUC,, . Of Hup A in the cerebrum
and hippocampusfollowing intranasal doseissignificantly
higher (P <0.05) than theiv dose, at 0.083, 3, 4, and 6 h.

Discussion

In situ gel isliquid-likein vitro which can be adminis-
tered easily asadrop or by a spray device and become semi-
solid as soon as there is contact with the mucosa. Low
viscosity of the formulationsis required for targeting the
drug to the olfactory mucosa, and the gel can prolong the
time of the drug in the nasal cavity so that it enhancesthe
drug absorbance. Thus, thenasal in situ gel should have a
prospective application.

Intranasal administration of the Hup A insitu gd signifi-
cantly increased the distribution of the drug intotherat brain
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tissue, especially into the cerebrum and hippocampus. The
absolute oral bioavailability of Hup A in the plasma and dif-
ferent brain regions were al lower than the absolute nasal
bioavailability (P<0.01). The nasal ddivery of the HUpA in
situ gd, therefore, showed a viable alternative to the ora
formulation.

Figure 4 shows that the decrease of Hup A in the brain
tissue was sower than that in the plasma, which was the
same as the results reported by Liu X et al®®.

It is believed that drugs uptake into the brain from the
nasal cavity via 2 different pathways. One isthat drugs
administered by the nasal route may enter the systemic cir-
culation and subsequently reach the brain by crossing the
BBB. Theother isthat drugsmay permeatethe brain directly
via the olfactory region®. We can deduce that the amount
of drugsin the brain tissue after nasal application attributes
tothese 2 parts. The AUC, ¢, after the intranasal adminis-
tration of theHup A in Situ gel was 1.5 times higher than that
after iv administration of theinjection in the cerebrum and
1.3 times higher than that in hippocampus. There were no
differencesin theAUC, ¢, in the cerebdlum, olfactory bulb
and blood samples from rats receiving the drug by either
route. The absolute nasal bioavailability of Hup A in the
plasma was 96.5%. For the lipophilic and small molecule
weight character of the drug, intranasal application of the
HupA indtugel resultedin similar AUC, o, to theiv injec-
tion and considerable quantity of Hup A delivered to the
brain al ong the nose-blood-brain pathways. Animalsreceiv-
ing iv Hup A therefore provided ameasure of Hup A penetra-
tion into the central tissues expected from the bloodstream
after the intranasal administration of thein situ gel. The
difference in brain tissues was ascribed to targeted delivery
with intranasal administration of theHup A insitugd. The
excessive part of the drug in the brain tissues following
intranasal, rather than iv doses, represented the brain AUC
fraction contributed by the direct noseto brain pathway.

The direct nose to brain pathway could al so be demon-
strated by comparing the AUC,,//AUC,,5ma Of HUP A after
iv administration of the injection and that after intranasal
adminigtration of thein situ gel tomalerats. TheAUC,./
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AUC,5ma Of Hup A in the | eft olfactory bulb following the
intranasal dosewas significantly higher (P<0.05) than theiv
dose at 0.083-0.75 h, implying the potential for Hup A into
the central tissue through the nose-brain pathway. The
AUC,i/ AUC,zma Of HUp A in the cerebrum and hippocam-
pus following intranasal dose was significantly higher (P<
0.05) than theiv dose, at 0.083, 3, 4, and 6 h. We could
deduce that Hup A could be absorbed in the brain tissue
through the olfactory bulb in the nose to brain pathway, but
it could not be explained that the AUC,, i/ AUC,zma Of HUP
A inthecerebd lum following iv dosewas significantly higher
(P<0.05)than intranasal dose, at 0.5, 0.75,and 1 h.

Additionally, it was necessary to anesthetize theratsin
order to ensure the exact administration dose. However, the
rat intranasal administration method still needsimprovement,
and further research on the effects of the anesthetized state
on brain distribution of Hup A in in administration is needed.

The present study implicated a direct pathway for afrac-
tion of the drug into brain following intranasal administra-
tion of theHup A insitugel. Theintranasal delivery showed
aviable, non-invasive strategy for delivering the drug into
thebrain.
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