
E L S E V I E R  International Journal of Pharmaceutics 147 (1997) 233-242 

intemational 
journal of 
pharmaceutics 

The influence of tonicity and viscosity on the intranasal 
absorption of salmon calcitonin in rabbits 

Ramneik Dua, Hossein Zia, Thomas Needham * 

Drug Development and Research Laboratory, University of Rhode Island, Kingston, R1 02881, USA 

Received 7 August 1995; received in revised form 19 August 1996; accepted 22 November 1996 

Abstract 

As with any drug delivery system, a clear understanding of the physicochemical and formulation factors is 
necessary for the rational design of a dosage form. Formulation factors need to be carefully assessed to identify those 
which may influence pharmacological or physiological response and thus assure optimum therapeutic activity. On the 
basis of physicochemicat and biopharmaceutical studies a nasal peptide formulation when administered with an 
appropriate delivery device may be designed to provide optimal nasal activity. In the present study an attempt was 
made to investigate the effect of tonicity and viscosity on the intranasal absorption of salmon calcitonin (sCT). 
Formulations were designed as nasal sprays with viscosity at 1 and 76 cps, using 0% w/w and 1% w/w methylcellulose 
as the viscosity enhancing agent; and with a tonicity of 100, 300 or 600 mOsms, using sodium chloride as the tonicity 
adjusting agent. The low viscosity formulations were delivered using a metered nasal spray pump and the high 
viscosity formulations were administered using a prototype device, the nasal micron spray pump (NMSP), to facilitate 
a uniform distribution of the spray into the nasal cavity. Serum levels of sCT were determined in healthy male New 
Zealand rabbits after intranasal administration of 2000 I.U. of sCT in 200/tl. The pharmacodynamic effect of salmon 
calcitonin of lowering blood calcium levels was measured using a visible spectrophotometric technique. Deviation 
from isotonicity increased the bioavailability by 4 -5  times. Variation in the viscosity did not influence the 
bioavailability of salmon calcitonin. Response surface methodology and the canonical analysis parameters were 
applied to predict the optimum formulations. © 1997 Elsevier Science B.V. 
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1. Introduction 

* Corresponding author. 

Nasa l  abso rp t ion  o f  m a n y  po lypep t ides  such as 
oxytoc in  (Mul le r  and  Osier,  1967), synthet ic  lysine 
vasopress in  ( M o r i m o t o  et al., 1985), synthet ic  
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LH-RH and its analogues (London et al., 1973), 
insulin (Nagai et al., 1984; Longnecker et al., 
1987; Illum et al., 1989; Dondeti et al., 1997), 
enkephalins analogs (Suet  al., 1985), growth hor- 
mone releasing factor (Pontiroli et al., 1989) have 
been reported. The permeability of the nasal mu- 
cosa to peptides seems to decrease with increasing 
molecular weight. For peptides with a molecular 
weight of more than 1000 D, bioavailabilities are 
in the range of 1 3% (Lee et al., 1988, Zia et al., 
1993). The nasal absorption efficiency of peptides 
and proteins is also influenced by the overall 
design of the dosage form as well as the devices 
used for administration. Some of the dosage 
forms which have been investigated are solutions 
(Hussain et al., 1979) gels (Morimoto et al., 1991), 
powders (Keenan and Chamberlain, 1969) and 
microspheres (Illum, 1980). Various nasal dosage 
forms have been used for the administration of 
insulin (Salzman et al., 1985, Dondeti et al., 1997) 
human growth hormone (Vance et al., 1986.), 
oxytocin (Hendricks and Gabel, 1960), and 
desmopressin (Harris et al., 1989). The earliest 
and the most classical dosage form for nasal 
administration was the solution. However solu- 
tions have often been shown to provide lower 
bioavailability because they are more readily 
cleared from the nasal cavity, particularly when 
administered as drops. There is little information 
on how the formulation variables of a nasal spray 
such as buffers, ionic strength, viscosity, charge, 
pH, osmolarity, type and concentration of preser- 
vatives could further influence the absorption of 
peptides and proteins. 

Injectable formulations of salmon calcitonin, a 
polypeptide hormone, have been used with some 
success in the management of metabolic bone 
disorders such as osteoporosis and Paget's disease 
but this form of administration is inconvenient 
and has been poorly tolerated by the patients. The 
development of intranasal preparations of salmon 
calcitonin provide a more convenient means of 
administering the drug (Clissod et al., 1991). ln- 
tranasal spray preparations containing salmon 
calcitonin have been shown to be effective in 
metabolic bone disease (Kurose et al., 1987). 
Salmon calcitonin in a spray form is now regis- 
tered in some European countries, and has now 

been recently approved in the US. Unfortunately 
the nasal bioavailability of sCT is significantly 
lower than that realized by injection. The avail- 
able data indicates a reasonable absorption but 
there is very little detail addressing the effects of 
formulation parameters, such as pH, buffers, os- 
molarity, viscosity, etc., on the bioavailability of 
the drug (Hanson et al., 1986, Chien et al., 1989). 

To optimize drug activity, the formulation vari- 
ables which influence drug formulation (in combi- 
nation with delivery devices) must be identified 
and modified to realize significant drug activity. 
The objective of this project was to evaluate the 
effect of the formulation variables, viscosity and 
tonocity on the intranasal absorption of salmon 
calcitonin. 

2. Experimental 

2. I. Materials  

Salmon calcitonin (sp. activity 5384 I.U./mg) 
was a gift from Armour Pharmaceuticals, Kanka- 
nee, IL). RIA Kits were procured from Diagnos- 
tics Systems Laboratories (Webster, TX). 
Methylcellulose used was Methocel At5C (Dow, 
Midland, M1). Acetic acid and sodium acetate, 
were purchased from Fisher (Fair Lawn, N J). The 
anesthetics, acepromazine maleate and ketamine 
hydrochloride (Aveco, Fort Dodge, IA), DMA 
Calcium Plus Reagent * (DMA, Houston, TX), 
Chlorbutanol (Sigma), Catheters and Serum sepa- 
rators (Baxter Healthcare, Deerfield, IL), Heparin 
Sodium injection, USP (Elkins-Sinn, Cherry Hill, 
N J) were purchased and used as received. 

A standard 50 /~1 metered nasal spray pump 
was chosen to deliver the low viscosity formula- 
tions (1 cps). Due to the failure of the commer- 
cially available nasal spray pump to deliver high 
viscosity solutions (76 cps) as a dispersed spray, a 
prototype device, the nasal micron spray pump 
(NMSP), capable of spraying 35/zl per actuation 
was employed (Jager-Waldau, 1992) to deliver 
those formulations. Both pumps were provided by 
Pfeiffer (Radolfzell, Germany). 
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2.2. Methods 

2.2.1. Preparation of  formulations 
Formulations were prepared with two concen- 

trations of  methylcellulose (0% to 1% w/w) in 0.03 
M sodium acetate-acetic acid buffer at pH 4 and 
to provide a viscosity of 1 and 76 cps. A pH of  4 
and a concentration of 10 I.U./ml were selected 
for the formulation as salmon calcitonin has max- 
imum stability between pH 3 and 5. The formula- 
tions were refrigerated as salmon calcitonin has 
been reported to be most stable when stored at 
2-4°C. All the formulations were prepared on the 
day of  administration to the animals. 

2.2.2. Measurement of  tonicity 
Formulations of various tonicity (100, 300, 600 

mOsm) (and viscosity) were prepared. Tonicities 
were adjusted using a A-010 Microdiagnostics 
Osmometer. 

2.2.3. Administration of  nasal formulations to the 
rabbits 

A standard metered manual spray pump was 
chosen to deliver the low viscosity formulations (1 
cps). A metered 50/~1 nasal spray pump based on 
a ball and spring mechanism alone with a two 
piece flanged actuator using a spray insert of 35 ° 
spray angle was used. The total volume of 200/~1 
to contain the 2000 I.U. was instilled by spraying 
twice into each nostril. The nasal micron spray 
pump was employed to deliver formulations of 
higher viscosity (76 cps). The volume delivered 
was 35/~1 at one time, and a total volume of  210 
/tl dose was administered by spraying three times 
into each nostril. 

2.2.4. In-vivo study 
The New Zealand white rabbit was selected as 

an animal model because it provides a well con- 
trolled animal model for screening the nasal ab- 
sorption potential of  sprayed drug formulations. 
The blood volume of the rabbit is sufficiently 
large to permit frequent blood samples and allow 
a full characterization of  the absorption profile of 
the drug (Gizurason, 1990). Rabbits were ob- 
tained from Milbrook farms (Amherst, MA) with 
a mean weight of about 3 kg. The study protocol 

was reviewed and approved by the Institutional 
Animal Care and Use Committee, University of 
Rhode Island, Kingston, RI. 

2.2.5. Experimental procedure 
Five of  the rabbits were fasted for 36 h prior to 

each experiment with free access to water. The 
rabbits were anesthetized with an i.m. dose of  0.25 
mg/kg of ketamine hydrochloride and 2.5 mg/kg 
of acepopromazine maleate. Rabbits were kept 
lying on the thermal rugs during the experiment. 
A catheter was placed in the rabbit's median ear 
artery and a 0.8 1 ml blood sample was collected 
after - 5 ,  10, 20, 30, 40, 50, 60, 75, 90, 120, 180, 
240 and 300 min of the administration of  the 
formulation. The samples were allowed to clot for 
at least 30 min at room temperature and then 
centrifuged at 3000 rpm for 10 min and stored at 
- 2 0 ° C  until assayed. 

The control group was used to measure any 
interference from administration of anesthesia or 
handling on the inherent calcitonin level. The 
rabbits were subjected to the same conditions, 
however calcitonin was not administered. The val- 
ues obtained were subtracted from the levels ob- 
tained after administration of  calcitonin 
formulations. 

2.2.6. Stud), design 
Calcitonin was administered as a spray to the 

rabbits as per a randomized cross-over design. A 
wash out period of  at least one week was allowed 
between treatments. 

2.2. 7. Analytical methods 

2.2. 7.1. Serum calcitonin. All serum samples were 
assayed with a commercial RIA kit developed at 
Diagnostics Systems Labortories (Webster, TX). 
Guinea pig anti-sCT antibodies were used as pri- 
mary antibodies and have demonstrated less than 
2°/,, w/w cross reactivity. The sigmoidal standard 
curve of B/Bo vs. [sCT], typical of competitive 
binding assays was linearized using the log trans- 
formation. The best fit line was determined using 
a non-weighted least square regression analysis. 
The radioimmunoassay quantitation range was 
100-5000 pg/ml. The square of  the coefficient of  
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determination (r 2) in this range for the B/Bo vs. 
log[sCT] plots was greater than 0.993 for all as- 
says performed in duplicate. 

2.2. 7.2. Serum calcium levels. Serum calcium levels 
were determined with a D M A  Calcium Plus Pro- 
cedure ® utilizing arsenazo III  to bind the calcium 
at an acid pH and form a bluish purple complex. 
Serum calcium was quantified spectrophotometri- 
cally at 650 nm and the range of the linearity was 
determined to be between 5 and 25 mg/dl. The 
square of  the correlation (r 2) in this range for the 
absorbance vs. concentration (mg/dl) was 0.999 
for all the assays performed in duplicate during 
the course of  study. 

2.2.8. Data analysis 
The concentration of calcitonin was measured 

in the serum over a period of 5 h after administra- 
tion of salmon calcitonin formulations. Salmon 
catcitonin activity was determined as a function of 
lowering of calcium. Nasal bioavailability of calci- 
tonin was calculated relative to the serum calci- 
tonin levels (over a period of 5 h after injecting 
calcitonin intravenously). Cm,x values are the peak 
serum calcitonin concentrations observed at time 
Tm~x after adminstration of calcitonin. 

%AbsoluteBioavailability 

( A U C i n -  AUC~o,,trol) Dosein 
× - - ×  100 

(AUCiv - AUCcontrol) Dosei,, 

The hypocalcemic effect was measured in terms of 
maximal decrease (%maxd). The maximal decrease 
was the highest percentage of reduction in calcium 
levels as compared to the basal values. The total 
decrease in serum calcium level (D%) was calcu- 
lated using a modified method, by Hirai et al., 
1981 , 

(AUCcont ro  I - A U C i n  ) 
D % -  × 100 

AUCcontrol  

where AUCm, AUCcomrol and AUC~ refer to the 
area under the curve calculated by the linear 
trapezoidal rule. AUC~ refers to area under the 
curve calculated after the intranasal administra- 
tion of calcitonin formulations. 

The data was analyzed by ANOVA using 
Statistical Analytical Software (SAS). The formu- 
lation effects were compared with the controls 
using Dunnett 's  test. Multiple comparison among 
the treatment effects were determined using 
Scheffe's multiple comparison test. Differences 
among the treatment were assumed to be signifi- 
cant for values of  P < 0.05. 

2.2.9. Determination of optimum formulations 
One of  the objectives of  this investigation was 

to study the effects of  tonicity and viscosity on the 
intranasal bioavailability. Tonicity was investi- 
gated at three levels of  100, 300 and 600 mOsm 
and viscosity was studied at two levels of 1 and 76 
cps. In order to optimize the effects of  the inde- 
pendent variables of viscosity and tonicity on the 
dependent factor, area under the curve, a full 
factorial statistical design, was used. A factorial 
design was used to study the primary effects of 
viscosity and tonicity and the secondary effects or 
interactions of  viscosity and tonicity on the in- 
tranasal absorption of sCT. 

In the simplest of  cases, techniques used for 
optimization involve the determination of a maxi- 
mum or minimum; but when the relationship for 
the response is given as a function of two or more 
than two independent variables, the system be- 
comes more complicated. In the present case, 
response surface methodology (RSM) was applied 
to estimate the maximum or minimum response 
so as to determine the opt imum formulations for 
the nasal delivery of salmon calcitonin. The SAS/ 
R S R E G  software was used to fit the parameters 
of  the complete quadratic reponse surface ob- 
tained from the three levels of  tonicity incorpo- 
rated in the formulations. The fitted surface was 
analyzed to determine the level of  the independent 
variable providing the opt imum response. The 
predicted optimal value can be found from the 
estimated surface, which usually shows a mini- 
mum, maximum or saddle point, if there is no 
clear maximum or minimum. Since the indepen- 
dent variable should be at three or more levels, 
tonicity was designated an independent variable 
with area under the curve as a response surface 
and viscosity was used as a covariate that was 
investigated at two levels (SAS/STAT User's 
guide). 
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Fig. 1. Concentrat ion time profile for i.v. administration of 
salmon calcitonin (n = 5) 

3. Results and discussion 

3.1. Intravenous administration 

The average serum sCT concentration vs. time 
profile for 5 I.U. of i.v. administered dose is 
shown in Fig. 1. The average Cma x was 25-~-2.9 
ng/ml with a Tm,x of 14 + 2.4 rain. The area under 
the curve (AUC) was 1102.1 + 19.8 ngmin/ml as 
compared to control group in which the average 
Cm,xConcentration was 2 ng/ml and the AUC was 
401 _+ 75.3 ng min/ml. The salmon calcitonin lev- 
els obtained in the serum were significantly differ- 
ent from the control level at P < 0.05 

3.2, Intranasal administration 

3.2.1. Effect of  ton±city with varying viscosity 

3.2.1.1. Influence of isotonicity. To determine the 
effect of ton±city on the absorption of salmon 
calcitonin, a base formulation containing 2000 
I.U. salmon calcitonin per 200/L1 in a 0.03 M pH 
4 acetate buffer with a viscosity of I cps and 
adjusted with NaC1 to be either isotonic, hypo- 
tonic or hypertonic were administered to the rab- 
bits. The AUC, C . . . .  Tmax and bioavailability of 
all the formulations differing in ton±city are sum- 
marized in Table 1. The AUC of the isotonic 
formulations at a viscosity of 1 cps was 714 + 15.7 
ngmin/ml with a bioavailability of 0.16. The 
C .... obtained for this formulation was 10_+4.2 
ng/ml at a Tmax of  40 rain. 

The higher viscosity (76 cps) isotonic (300 
mOsm) formulations prepared with 1% methycel- 
lulose at pH 4 containing 2000 I.U. salmon calci- 
tonin in 200 pl when sprayed into the nasal cavity 
of the rabbits elicited a Cma×Of 12_+9.7 ng/ml 
with a Tmax of  58 _+ 8.3 min as shown in Fig. 2. 
The AUC for the higher viscosity isotonic formu- 
lations was 604.6+97.74 ngmin/ml with a 
bioavailability of 0.14. 

The bioavailability obtained after intranasal ad- 
ministration of salmon calcitonin for the low and 
high viscosity isotonic formulations was extremely 

Table I 

Pharmacokinetic parameters in New Zealand rabbits after intranasal administration of salmon calcitonin (n = 5); Dose 2000 I.U. 

Variable Tm~ x (min) Cma x (ng/ml) A U C  (ng min/ml) Bioavailability ~"z', ,,s 

Control 
IV (5 I.U.) 14 25 ± 2.9 

lntranasal low viscosity 
Isotonic 40 10 _+ 4.2 714.2 ± 15.7 ~ 
Hypertonic 90 42 + 19.6 3508 ± 12808 
Hypotonic 90 26 ± 7.6 3171 ! 258 b 

lntranasal high viscosity 
Isotonic 58 12 ± 9.7 604 + 97.74 ¢ 
Hypertonic 90 32 ± 19.6 2183 ± 258 b 
Hypotonic 120 23 i 2.4 3579 ± 1030 b 

400 ± 75.3 
1102 ± 19.8" 100 

0.16" 
0.80 
0.71 

0.14 ~ 
0.62 
0.81 

" Significantly different from control at P<0 .05 .  
b Significantly different at low and high viscosity at P<0 .5 .  

No Significant difference at P<0 .05 .  
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Fig. 2. The influence of  viscosity on the intranasal absorption 
of salmon calcitonin for isotonic solutions 
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Fig. 4. The influence of viscosity on the intranasal absorption 
of salmon calcitonin for hypotonic solutions 

low and is typical of that found for higher molec- 
ular weight polypeptides (Lee et al., 1994). 

3.2.1.2. Influence of hypertonicity. The low viscos- 
ity hypertonic (600 mOsm) formulations shown in 
Fig. 3 showed a Cm~,×of 42 _+ 19.6 ng/ml with a 
Tm, × of 90_+ 12 min as compared to a C ..... of 
10 4-4.2 ng/ml and a Tmax of 40 min for the low 
viscosity isotonic (300 mOsm) formulations. Thus, 
deviation from isotonicity for low viscosity for- 
mulations elicited a higher concentration of sCT 
in the serum and extended the time to reach Tm~,x. 
The AUC calculated for the low viscosity hyper- 
tonic salmon calcitonin formulations was 3508 _+ 
1280 ng min/ml with a bioavailability of 0.80. The 
bioavailability obtained was about five times 
higher than that obtained for the low viscosity 
isotonic formulations. 

The higher viscosity (76 cps) hypertonic (600 
mOsm) formulations prepared with 1% methycel- 
lulose when sprayed into the nasal cavity of rab- 
bits elicited a C ..... of 32 _+ 19.6 ng/ml at T, ..... of 

° t i ......... mc~H ~lS~ ~r>lr~ 
4O 

30 

0 100 200 300 400 

TIME(MIN)  

Fig. 3. The influence of viscosity on the intranasal absorption 
of salmon calcitonin for hypertonic solutions 

90 _+ 12 min as shown in Fig. 3. The area under 
the curve obtained was 2183_+258 ngmin/ml 
with a bioavailability of 0.62. Thus, deviation 
from isotonicity of the higher viscosity formula- 
tions also demonstrated an increased level of 
salmon calcitonin in the serum. The bioavailabil- 
ity obtained by the high viscosity hypertonic 
salmon calcitonin formulations was significantly 
different from high viscosity isotonic formulations 
as determined at P < 0.05. 

3.2.1.3. Influence of hypotonicity. The low viscos- 
ity (1 cps) hypotonic (100 mOsm) formulations 
sprayed into the nasal cavity of the rabbits pro- 
duced a Cm~,x of 26_--i-7.6 ng/ml at a Tmax of 
38+9.16 min as shown in Fig. 4. The AUC 
obtained was 3171.33_+258 ngmin/ml with a 
bioavailability of 0.71. The AUC obtained for the 
low viscosity hypotonic formulations was approx- 
imately the same magnitude as the low viscosity 
hypertonic formulations and was significantly dif- 
ferent from low viscosity isotonic formulations at 
P < 005. 

The higher viscosity hypotonic (100 mOsm) 
formulations prepared with 1% methylcellulose at 
pH of 4 produced a Cm~× of 23 _+ 2.4 ng/ml at a 
Tm~x of 120 + 18 min. The AUC calculated was 
3579 _+ 1030 ng/ml with a bioavailability of 0.81. 
Even at high viscosity, a deviation from isotonic- 
ity produced a significant increase in the 
bioavailability. Absorption of hypertonic and hy- 
potonic formulations was significantly different 
from the isotonic formulations at both low and 
high viscosity; and the bioavailability of the drug 
was enhanced in both the hypotonic and hyper- 
tonic condition by 4-5  fold. 
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There have been very few experiments per- 
formed to study the effect of tonicity, but the 
information generated from these studies indicates 
that deviation from isotonicity influences absorp- 
tion. One explanation postulated in the literature 
is that hypertonic solutions which cause shrinkage 
of the epithelical cells and hypotonic solutions 
which cause swelling of the cells may result in 
alteration of pore size within the cell junctions 
and the permeability of the cell walls thus leading 
to enhanced absorption (Pujara et al., 1995). 

3.2.2. Influence o f  viscosity 
It can be seen from the literature that although 

low viscosity (1-11 cps) formulations can be ad- 
ministered using metered nasal spray pumps, 
these devices are limited in their ability to produce 
a fine uniform spray for high viscosity formula- 
tions. In this study, a metered dose spray pump, 
based on a ball and spring mechanism was used 
to spray low viscosity (1 cps) formulations; and 
the nasal micron spray pump designed with an air 
blast spray nozzle was used to spray the higher 
viscosity (76 cps) formulations. The droplet size 
distribution generated by both devices was mea- 
sured with a Malvern sizer and the M50 which is 
the droplet size of 50% of the droplets sprayed 
was used for comparison in this paper because the 
M50 is a more reliable measure of the mean 
droplet size of spray with less variability. 

Previous studies have shown that increasing 
viscosity increases the droplet size of the spray. 
The average droplet size M50 for formulations 
with a viscosity of 1 cps when sprayed from the 
metered dose spray pump was 45 _+ 1.11 ltm. This 
same pump produced a stream rather than a 
dispersed spray for the high viscosity formula- 
tions. However when sprayed from the micron 
spray pump a dispersed spray was produced with 
a the droplet size M50 of 112.48 _+ 27.6 #m for 
formulations with a viscosity of 76 cps. The M50 
generated by the two nasal delivery devices for the 
formulations differing in viscosity by 76 cps was 
approximately different by 2.5 fold (45 /~m vs. 
112.48 /zm). Interestingly, the droplet size distri- 
bution produced by the metered nasal spray pump 
at 1 cps viscosity was gaussian and unimodal 
while the nasal micron pump produced a slight 

deviation from a Gaussian distribution and was 
bimodal. The bimodal distribution was due to a 
portion of the spray striking the mouthpiece while 
leaving the spray nozzle (Dua et al., 1994). 

The Tm~ × produced by low viscosity isotonic 
and hypotonic formulations was 40 min and 38 
min respectively as compared to the higher viscos- 
ity isotonic and hypotonic formulations with Tr,~x 
of 58 and 120 min. These results correlate with a 
previous study that suggested larger droplet size 
leads to a more localized deposition and causes 
slower clearance from the nose (Pennington et al., 
1988). However for the hypertonic formulations 
the Tm~x for both the low viscosity and high 
viscosity formulations was 90 min, which suggest 
that viscosity may not be the dominant factor for 
these formulations. 

Harris et al., 1989 when using methycellulose as 
a viscosity enhancing agent demonstrated no im- 
provement in the bioavailability of drug and actu- 
ally reported a decrease in absorption that was 
attributed to the delayed diffusion of drug from 
the formulation due to the higher viscosity. In this 
study variation in the viscosity did not show any 
significant difference in the absorption of sCT. 

3.3. Optimization o f  formulations 

Six formulations resulting from using three lev- 
els of tonicity and two levels of viscosity were 
administered to rabbits. Area under the curve was 
calculated and subjected to statistical analysis us- 
ing ANOVA and Scheffe's multiple comparison 
test. The results generated from the experimental 
data suggested that hypertonic and hypotonic for- 
mulations were significantly different from iso- 
tonic formulations at both low and high viscosity. 
Regression was carried out to define the relation- 
ship between area under the curve and the inde- 
pendent factors of tonicity and viscosity and the 
optimum region was determined by the response 
surface analysis. 

A saddle point curve (Fig. 5) was obtained 
which suggests that there is no optimal maximum 
or minimum tonicity, but rather that deviation 
from the mid point (isotonicity) would favor an 
increase in the area under the curve and ulti- 
mately bioavailability. Viscosity, used as a covari- 



240 R. Dua et al./ International Journal ol Pharmaceutics 147 (1997) 233-242 

3.4. Determination of calcium 
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V IS¢OSIly (cps) 8 0 

Fig. 5. Three dimensional surface plot showing a saddle point 
for viscosity and tonicity with respect to area under the curve 

ate and plotted along with ton±city and area under 
the curve demonstrated that there was no influ- 
ence of viscosity on the area under the curve and 
subsequently on bioavailability. Fig. 5 indicates 
an optimum at an AUC of 8000-10000 ngmin/  
ml for hypotonic formulations with a viscosity 
ranging from 1 to 80 cps. There is a decrease in 
the AUC from 8000 to 2000 ngmin/ml as the 
ton±city increases from hypotonic to isotonic (300 
mOsm). Again the surface shows an increase as 
the ton±city increases from isotonic (300 mOsm) 
to hypertonic (600 mOsm) with a consistent in- 
crease in AUC from 2000 to 6000 ng min/ml. 

The pharmacodynamic effect of sCT of lower- 
ing of  calcium is shown in Table 2. The total 
reduction in calcium level throughout the time 
period studied is termed as D%. The hypocal- 
cemic effect may also be measured in terms of 
maximal percent decrease (%maxd) which is the 
highest percentage of reduction in calcium levels 
as compared to the basal values. The time at 
which this reduction takes place is Tma x. The 
lowering of calcium for all intranasal formula- 
tions ranged from 7.9 to 22% of the basal value as 
compared to 32% after i.v. administration. The 
%max d for intranasal delivery for all nasal formu- 
lations ranged from 12 to 34.5% as compared to 
28% for i.v. administration. The similarity in the 
extent of  the hypocalcemic effect observed after 
administration of different intranasal formula- 
tions that varied widely in sCT plasma levels may 
be attributed to the acute homeostatic mechanism 
between calcitonin and the parathyroid hormone. 
The parathyroid hormone counteracts the effects 
of calcitonin once a critical level of  hypocalcemia 
is attained. Thus the extent of  the hypocalcemic 
effect is controlled by hormonal balance. This 
feedback control of blood calcium makes it 
difficult to evaluate the efficacy of sCT delivery 
systems by observation of the hypocalcemic effect 
(Mohamadi et al., 1975). 

Table 2 
Pharmacodynamic parameters in New Zealand rabbits after intranasal administration of salmon calcitonin (n = 5); Dose 2000 IU 

Variable T, ..... (min) Maxd (%0 A U C  (rag min/dl) D (%) 

Control 4045.40 + 255.17 
IV (5 I.U.) 30 28 2732 ± 271.39 ~ 32 

lntranasal low viscosity 
Isotonic 240 12.96 3724. l 2 ± 120.99 7.9 
Hypertonic 75 28.83 3267.74 __+ 31.31 ~'b 19 
Hypotonic 180 28.12 3308.0 ± 42.45 '~ 18 

Intranasal high viscosity 
Isotonic 240 28.81 3242.83 ± 21.66 ~' 19 
Hypertonic 90 23.52 3696 ± 53.24 ~'h 9.0 
Hypotonic 120 34.58 3154.47 ± 102.492 22 

~' Significantly different from control at P<0.05.  
b Significantly different at low and high viscosity at P<0.5 .  
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Although the measure of  pharmacodynamic ef- 
fects is preferred especially in the event of low 
drug bioavailability; the results obtained from the 
biochemical markers of salmon calcitonin such as 
lowering in calcium, bone turnover and decrease 
in the urinary hydroxyproline are difficult to in- 
terpret especially during short term studies. This 
is because they are under hormonal regulation 
and may or may not differ for healthy subjects 
and diseased subjects. 

In conclusion it seems feasible to optimize the 
absorption of sCT across the nasal mucosa by 
controlling formulation variables. In spite of low 
bioavailability, there is clinical data which sup- 
ports the efficacy, tolerability and acceptability of 
intranasal formulations in the treatment of condi- 
tions such as Paget's disease and osteoporosis. 

Further investigations are required for the eval- 
uation effect of  these formulations on the integrity 
of  the nasal mucosa especially during chronic use, 
as such formulations may have the potential of  
damaging either the mucociliary system or the 
underlying epithelium. 

References 

Chien, Y.W., Su., K.S.E. and Chang, S., (Eds.), Nasal Sys- 
temic Drug Deliver),, Physicochemical, Biopharmaceutival 
and Toxicophysiological Considerations., Dekker, New 
York, 1989. p. 49. 

Clissod, S.P., Finon, A. and Chrisp, P., Intranasal salmon 
calcitonin: a review of its pharmacological properties and 
potential utilities in metabolic bone disorders associated 
with aging. Drugs and Aging, I (5) (1991) 405-423. 

Dondeti, P., Zia, H. and Needham, T.E., In vivo evaluation of 
spray formulations of human insulin for nasal delivery. Int. 
J. Pharm., 122 (1995) 91 105. 

Dua, R., Zia, H. and Needham, T., Effect of formulation and 
device variables on nasal spray characteristics. Pharm. 
Res., 11 (10) (1994) S-211. 

Gizurason, S., Animal models for intranasal drug delivery 
studies. Acta Pharm. Nord., 2 (2) (1990) 105 122. 

Hanson, M., Gazdick, G., Cahill, J., Augustine, M., Intranasal 
delivery of the peptide, salmon calcitonin. Delivery systems 
['or peptide drugs, Plenum, New York, 1986 pp. 232 242. 

Harris, A.S., Ohlin, M., Svensson, E., Lethagen, S. and 
Nilsson, I.M., Effect of viscosity on the pharmacokinetics 
and biological response to intranasal desmopressin. J. 
Pharm. Sci., 81 (1989) 470 471. 

Hendricks, C. and Gabel, R.A., Use of intranasal oxytocin in 
obstetrics: Laboratory evaluation. Am. J. Obstet. Gynecol., 
79 (1960) 780-788. 

Hirai, S., Yashiki, T. and Mima, H., Effect of surfactants on 
the nasal absorption on insulin on rats. J. Pharm. Sci., 9 
(1981) 165-172. 

Hussain, A.A., Hirai, S. and Bawashi, R., Nasal absorption of 
propranolol in rats. J. Pharm. Sci., 68 (1979) 1196. 

Illum, L., Farraj, N.F., Critchley, H., Johansen, B.R. and 
Davis, S.S., Enhanced nasal absorption of insulin in rats 
using lysophosphatidylcholine. Int. J. Pharm., 57 (1989) 
49 54. 

lllum, L., Microspheres as a potential controlled release nasal 
drug delivery systems., in Davis, S.S., lllum, L. and Tom- 
linson, E. (Eds.) Deliver)' systems for peptide drugs, Plenum 
Press, New York, 0980) pp. 205-210. 

Jager Waldau, R., A Two Phase Flow Mechanical spray 
pump: A possible alternative to propellant driven MDI's. 
J. Biopharm. Sci., 3 (1/2) (1992) 77 84. 

Keenan, J. and Chamberlain, M.A., Nasal mucosal absorption 
of tetracosactrin as indicated by rise in plasma flurogenic 
corticosteroids. Br. Med. J., 4 (1969) 407 408. 

Kurose, H., Seino, Y., Shima, M., Tanaka, H. and lshiiida, 
M., Intranasal absorption of salmon calcitonin. Calcified 
Tissue Int., 41 (1987) 249-251. 

Lee, V.H.L., Peptide and Protein Drug Delivery Systems. 
Pharm. Res., 1 (3) (1988) 24 31. 

Lee, W.A., Ennis, R.D., Longnecker, J.P. and Bengtsson, P., 
The bioavailability of intranasal salmon calcitonin in 
healthy volunteers withand without a permeation en- 
hancer. Pharm. Res., 11 (5) (1994) 747 750. 

London, D.L., Butt, W.R., Lynch, S.S., Marshall, 
J.C.,Robinson, W.R. and Stephanson, J.M., Hormonal 
response to intranasal luteinizing hormone releasing hor- 
mone. J. Clin. Endocrinol. Metab., 37 (1973) 829-831. 

Longnecker, J.P., Moses, A.C., Flier, J.S., Silver, R. D., 
Carey, M.C. and Dubov, E.J., Effects of sodium taurodi- 
hydrofusidate on nasal absorption of insulin in sheep. J. 
Pharm. Sci., 76 (5) (1987) 351- 355. 

Mohamadi, M., Becker, K.L. and Bivins, L.E., Paradoxical 
effects of salmon calcitonin on serum calcium: Studies on 
intact and thyroparathroidectomized men and dogs. Acta 
Endocrinologica., 79 (1975) 700 708. 

Morimoto, K., Morisaka, K. and Kamada, A., Enhancement 
of nasal absorption of insulin and calcitonin using poly- 
acrylic acid gel. J. Pharm. Pharmacol., 37 (1985) 134 136. 

Morimoto, K., Yamaguchi, H., lwakura, Y., Morisaka, K., 
Ohashi, Y. and Nakai, Y., Effect of viscous hyaluronate- 
sodium solutions on the nasal absorption of vasopressin 
and an analog. Pharm. Res., 8 (1991) 471-474. 

Muller, K. and Osler, M., Induction of labor, a comparison of 
intravenous, intranasal and transbuccal oxytocin. Acta Ob- 
stet. Gynecol. Scand., 46 (1967) 59 67. 

Nagai, T., Nishimoto, Y., Nambu, N., Suzuki, Y. and Sekine, 
K., Powder dosage forms of Insulin for nasal administra- 
tion. J. Control. Release, 1 (1984) 15 22. 

Pennington, A.K., Ratcliffe, J.H., Wilson, C.G. and Hardy, 
J.G., The influence of solution viscosity on nasal spray 
deposition and clearance. Int. J. Pharm., 43 (1988) 221 
224. 



242 R. Dua et a l . /  International Journal ~l' Pharmaceutics 147 (1997) 233 242 

Pontiroli, A.E., Perfetti, M.G., Fattor, B., Pozza, G., Effect of 
intranasal growth hormone releasing hormone and corti- 
cotrophic-releasing hormone administration improved 
bioavailabilty by means of sodium-glycoholate. J. Clin. 
Metabo., 68 (1989) 821 824. 

Pujara, C.P., Shao, Z., Duncan, M.R. and Mitra, A.K., Ef- 
fects of formulation variables on nasal epithelial cell in- 
tegrity: Biochemical evaluations. Int. J. Pharm., 114 (1995) 
197 203. 

Salzman, R., Manson, J.E., Griffing, G.T., Kimmerle, R. and 
Ruderman, N., lntranasal aerosolized insulin, mixed meal 
studies and long term use in type ! diabetes. N. Eng. J. 

Medicine, 312 (1985) 1078-1084 
Su, K.S.E., Campanale, K.M., Mendelsohn, L.G., Kerchner, 

G.A. and Gries, C.L. Nasal delivery of polypeptides.I 
Nasal absorption of enkephalins in rats. J. Pharm. Sci., 74 
(1985) 394-398. 

Vance, M.L., Evans, W.S., Kaiser, D.L., Burke, R.L., Rivier, 
J. et al ,  The effect of intravenous subcutaneous, and 
intranasal GH-RH analog on growth hormone secretiion 
in normal men: dose response relationship. Clin. Pharma- 
col. and Ther., 40 (1986) 627 633. 

Zia, H., Dondeti, P. and Needham, T.E., Nasal Drug delivery. 
Clin. Res. Reg. Affairs, 10 (1993) 99-135. 


