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Effect of pH and buffer on the prtxorneal 
dis~sitjQn and wular ~~etration of pi~~a~in~ in 

rabbits 

- _-- _~.._ _- 

- 

An in viva tahnique was utilii to study the effect of pH and buffer capacity on 
the premrned diced and ocular penetration of pilocarpine in the rabbit eye. 
Teat fiim pH. tear drug ~n~~tration and aqueous humor levels were measured at 
various times following the instillation of 25 ~1 of a I x IO-” M isotonic pilocatpine 
solution. Test solutions were prepared in 0.0667 M phosphate buffer at various pHs 
(4.5, 6.0. 7.2) and at various phosphate buffer concentrations (0 M, 0.00667 M, 
O.0667 MO.1 M) at pH 4.5. It appears that following the instillation of pilocatpine 
nitrate solutions buffered below the physiological pH of the lacrimal fluid, the extent 
of depression of the tear film pH and the tear pH m-equilibration time depends not 
only on the pH of the solution, but also on the precomeal fluid dynamics, and the 
bufkr capacities of the instilled solution and that of the tears. As the buffer capacity 
of the instilled solution is increased, the ability of incoming tears to raise the pH in 
the p~~rn~l area to its ph~~ol~i~al value is reduced. The increase in the drainage 
rate due to reflex tear production is an effective mechanism by which the tear film 
pH r&equilibrates and is also responsible for the large reduction in the drug 
~~~n~ntration in the precorneal area. This study examines this mechanism in detail. 

The dep~ion in the tear film pH can also reduce the ocular penetration of 
pilocarpine by reducing its comeal permeability. Buffering of the pilocarpine nitrate 
solution with 0.0667 M phosphate buffer at pll 4.5 causes a two-fold reduction in 
the aqu~us humor level as ~rnpa~ to 8n unbuffe~ solution at the same PH. 
Such a decrease is akso predicted based on tear pH-time and tear concentration-time 
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measurements of pilocarpine. This study shows the practical utility of such informa- 
tion in estimating the ocular penetration of drugs. Based on such infcwmatim it isi 

expected that at least a two-fold reduction in pilocarpine absorption may he cau& 
by reflex tear production. In order to ensure optimum ocular penetration of 
pilocarpine. the system should not depress the tear film pH appreciably. and should 
allow rapid tear pH re-equilibration. 

Introduction 

The pH and the buffer system in which a topicolly :Ippli& drug solution is 

formulated are important factors to consider in ophthalmic drug delivery. IWag- 

drugs are formulated below physiological pH because of stability or soluhility 

constraints. Marked and prolonged depression of tear film pH may cause irritation 
and tissue damage in the eye. A more concentrated acid buffer causes a stronger 
sensation of stinging or burning than does a less concentrated buffer of the same 
acid pH (Longwell et al.. 1976). In addition, the cornea has been shown to bc ICS~ 
permeable to the ionized than to the unionized drug molecule (Francoeur et al.. 
1983; Mitra and Mikkelson, 19X3). Since basic drug tnolecules exist predominantly 

in their ionized form below physiological pH. prolonged tear film pN depression can 

reduce cornea1 permeability (Francoeur et al.. 1983). 
Bioavailability of drugs applied topically to the eye is poor due to the rapid 10s~ 

of drug from the precorneal area via drainage (Chrai et al.. 1973; Siep and Kohins~~n, 
1977). Drug loss from the precorneal area can be exiicerbijted fcAlowing instillation 

of drug solutions buffered below physiological pH due to increnscul drainage and 
induced lacrirnation (Conrad et al., 1978). A complrtc understanding of the cffcct of 
pH and buffer capacity on the ocular disposition and the ultimate bioavailability of 
ionizable drugs is not available. 

In this study, the effect of the pH and buffer concentration of ;I pilocarpinr‘ 
solution on the tear film pH, ptecornrul disposition and the ocular penetration of 

the drug are examined in vivo. Tear film pH measurements are combined with tear 
and aqueous humor collcelltration.- time data in an attempt to explain how the 

solution PH. and the concentration of the buffer influences the disposition r~f 
pilocarpine in the eye. This information cm bc utilized in the evaluation and 
dCVdOplll~lIt of 11 ri~tiOIlill approach to ~~ptllllilllllil~ dlUp fornirrl;~tion. 

Matwinls and Methods 
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Ap~r~xj~tely O,cIs mCi ws ~~u~~e~y reined and dissolved in f ml of water to 
serve as a ot~k I~utt~i, All rudi~a~ll~ materials were stored at -2O*C until 
needed* 

Lacrimal fluid pH was determined using sensitive indicator sticks (ColorpHast. E. 
h4cr~k. Darmstadt, F.R.G.). Solution pH was measured with a digital electrode 
(Orion Research, Model 701A). One microliter microcapillary tubes (Microcap. 
Drummond Screnti~~. BroornzdI. PA) were used for collecting tear samples. Samples 
were counted cut (t Beckman LS- (Beckman Instruments. Irvine, CA) scintilla- 

~~yd~te and monobasic monohydrate) used for 
rn~~ng buffers were stuck from Fisher Scientific. All other reagents used were 
either chemical or ~n~lyt~~~ grade and were used as received. 

The rabbits used in these studies were white Mew Zealand rabbits (Small Stock 
Industries. F+za Ridge, AK). At the time of use their age ranged from S-64 days. No 
restrictioni; were plarcxd on food or water intake by the rabbits prior to experimenta- 
rim 

Fil~xxpin~ nitrate solutions were prepared in isotonic sodium phosphate buffers 
of diff~nt molar co~ntraIions at pH 6.2. These buffers were made isotonic with 
sodium chloride. In all these studies the con~ntration of pilocarpine nitrate used 
was 1 x IO-- ’ M. The pH was checked and adjusted as necessary. ‘Cold’ solutions of 
pilocarpine nitrate W-GE prepared preceding each series of experiments and dis- 
carded following use. Prior to each experiment, approximately 50 ~1 of tritiated 
pilmarpine alkaloid was transferred to a microevaporation flask using a Hamilton 
microsyringe. Two I-ml portions of ethanol U.S.P. were added and the solution was 
evaporated to dryness under a constant stream of nitrogen. The residue was 
reconstituted with 1 ml of the 1 x IO-’ M ‘cold’ pilocarpine nitrate solution. The 
final solution had an activity of about 150.000 counts per minute per microliter. The 
small amount of isotopic material added did not affect the mola~ty or the pH of the 
final .~lution~ 

The [ “‘Cjinulin solutions were prepared similarly. This solution did not contain 
any unlabellcd inulin. lnulin served ‘1s a non-absorbable marker in these experi- 
ments. Although inulin has been found to be absorbed into the eye (Longwell et al.. 
1976). its rate of absorption is slow arrd its extent of absorption is small. Over the 
time coucst\ in which inulin was used in these studies, any absorption would be 
ncgligibte. 

In one series of experiments, in order to prevent instilled solution drainage, the 
~lrait~age ducts crf the rabbits were blocked using tahniques previously described 
(Pz;ltton and Robinson, 1976). Polyethylene tubing (PE 50). 0.61 mm id. and 0.96 
mm o.d. cut into bcutions of approximately 5 mm in length were made into plugs 
and inserted into the punctum. The plugs were inserted 1 min prior to the instillation 
of the drug solution. 
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The pH indicator sticks were cut into small strips approxin~ately 1 mm in width 
and 5 mm in length. Unanesthetized rabbits were placed in restraining boxes in a 
normal upright posture. A test solution of 1.00 X 10’ ’ M pilocarpine nitrate was 
prepared in pH 6.24 isotonic phosphate buffer, In one set of experiments the buffer 
concentration was held constant at 0.0667 M and the final pH was varied (pH 4.5, 
6.0 and 7.2). In the other case the final solution pH was held constant at pH 4.5 and 
the total concentratian of the phosphate buffer was varied (0 M. 0.00667 M, 0.0667 
M and 0.1 M). The 0 M phosphate buffer solution consisted of 1.00 x 10‘ k M 
pilocarpine nitrate in distilled water, pH adjusted with HCI and made isot~~ni~ with 
sodium chloride. The solution was administered as a Z-PI dose with a Han~ilton 
microsyringe. Tear pH was determined in viva by placing these strips in the lower 
cul-de-sac for 3 s and reading the color against a color chart provided by the 
manufacturer. The accuracy of pH paper measurements was checked by comparing 
the pH paper readings with that of a standard pH electrode using standard solutions 
ranging from pH 4--R. Over this pH range, the pH &ctrodes and the pH paper 
measurements were within 50.2 pH units. 

Tear concentration of pil~arpine and inulin were i~~e~~sured to investigate the 
influence of instilled solution pH and buffer capacity on the factors responsible for 
the loss of drug in the precorneal area. A 25-~1 dose of 1 X 10 ' M tritium~labell~~ 
pilocarpine nitrate solution, unbuffered at pH 4.5 and buffered in Q.C)667 M 
phosphate at pH 4.5, 6.0 and 7.2, was topically instilled in the eye. Qne ~1 tear 
samples were withdrawn at 1 min intervals for 5 min. Each cue was subjected to a 
single treatment. Experiments were also performed whcrc the tear drainage duct of 
the rabbit was blocked. The test solutions contained either tritium-labelled pihwur- 
pine or [‘JC]inulin. Tear samples were collected into 1 /(l microcapillary tubes hy 
procedures described previously (Milter, 1980). After sampling. the entire micro- 
papillary tube was placed in a liquid scintillation vial prefilled \vith S ml of liquid 
s~intiIl~~tion cocktail (Aquasnl II). Standards were prep~lred by taking a series of 1 ~1 
samples of the dosing solution in jni~rocapitlaries. Samples and standards were’ 
stored in a cool, dark place for 24 h to eliminate photoluminrs~sncc, and counted on 
;I Beckman LS7000 scintillation counter, Withdrawing small volumes of tears from 
the precorneal pocket at early times post-instillntiotl did not significantl! alter the 
measured drug concen t ril t ion. 
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overdose of .sodium ~ntobarbital injected into the marginal ear vein. A given 
volume of aqueous humor was collected by techniques described previously (Miller, 
1980). Standards were prepared using the aqueous humor collected from two 
untreated eyes and spiking them with the dosing solution. The aqueous humor 
samples were transferred to a ~yethylene vial containing 5 ml of pre-refrigerated 
liquid ~intillatian cocktail. Sample were stored for 24 h in a dark, cool place to 
minimize photoluminescence and subsequently counted for activity. 

Results and -Ion 

The resident tear pH of rabbits was found to be 7.3 f: 0.1. It was observed that 
the lower the pH of the instilled solution. the greater the initial depression in the tear 
film pH from its normal resident value (Table 1). Following the instillation of 25 ~1 
of 0.01 M pil~a~ine nitrate buffered in 0.0667 M isotonic Sorensen’s phosphate. 
pH 4.5. the tear pH 1 mitt ~st-instillation was 5.7. over one pH unit higher than 
that of the solution instilled. It thus appears that the instilled solution pH is not the 
only formulation variable that inffuences the tear film PH. In this regard, the buffer 
capacity of the instilled solution must also be considered. Phosphate has a poor 
buffer capacity at pH 4.5, whereas the tears have better buffer capacity below pH 6.5 
(Keller et al.. 19x0). Therefore, the tears can effectively resist the depression of pH in 
this region. 

Following instillation, the tear pH returns with time to its normal resident pli 
value. The rate of rise in tear pH depends on many factors incluc?iing the factors 
affecting fluid dynamics in the precorneal area, along with formulation variables and 
the physical-chemical char~cte~stics of the tears. Induced lac~mation caused by 
;rcidic instilled solutions results in the influx of fresh tears and an increase in the 
drainage of the tears away from the precomeal area (Conrad et al., 1978). This could 
;Iccc>unt for the rapid change in the lacrimal fluid pH following the instillation of a 
solution buffered below the physiological pH of the tears. This is particularly true 
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when the instilled solution 
phosphate at this PH. Thus, 

pH is 4.5 because of the poor buffer capacity of 
the influx of fresh tears into the precorneal area can 

rapidly change the PH. When the instilled solution pH is 6.0 and 7.2, a slower 
change in the tear film pH is observed because th,e extent of induced lacrimation is 
reduced. 

The effect of buffer cancentration of the instilled solution on the tear film pH was 
studied similarly. Lacrimal fluid pH was measured in vivo at 1, 3, 6, 10 and 15 min 
following the instillation of 25 ~41 of 1 X 10-l M pilocarpine nitrate solution, The 
solutions tested were either unbuffered or buffered in Sorensen’s phosphate with 
total buffer concentrations (C,): 0.~667 M, 0.0667 M and 0.1 M and pH held 
constant at 4.5. The extent to which the tear film pH is depressed appears to vary 
with C, - the higher the total phosphate concentration, the greater the extent to 
which the tear film pH is depressed (Fig. I). This is probably due to an increase in 
the buffer capacity of the instilled solution as C, is increased. A slower rate of 
increase in the tear film pH is observed following the instillation of pilocarpine 
nitrate solutions of increasing phosphate concentration. The ability of incoming 
tears to promote a rapid return of the tear film pH to its resident value is diminished 
when the solution is strongly buffered. This is verified by the data presented in Fig. 
2. In this case a series of experiments were performed using rabbits in which normal 
tear drainage was prevented by plugging the drainage duct. Solutions of 1 x lo-’ M 
pil~a~ine nitrate, pH 4.5, were prepared in 0.0667 M and 0.1 M isotonic phosphate 
buffer, as well ds in the absence of buffer. The tear film pH was measured following 
instillation of a 25 ~1 drop. In these studies, the increase in the tear film pH 
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Fig. 1. I-ac~~~al fluid pli vs time profile after topical instillation of 2.S ~1 of 0.01 M pilocwpine nitrate 
.sAmm of different buffer concentration (isotonic Sorensen’s phosphntc), the pH held constant at 4.5. 
Total buffer concentration: 0 M, 0; 0.00667 M, 0; 0.0667 M, A; 0.1 M. A. 
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Fig. 2. Lacrimal fluid pH vs time in rabbits with blocked drainage duct foilowing the topical instillation of 
25 p1 of 0.01 M pilocarpine nitrate solutions of different buffer concentrations (isotonic Sorensen’s 
phosphate), the j# held constant at 4.5. Total buffer concentration: 0 M. 8: 0.0667 M, 0; 0.1 M, A. 

post-instillatiori is primarily attributed to an influx of tears into the precorneal area. 
The results clearly show that the rate of change in tear pH is slower with increasing 
buffer concentration. This fact also establishes the importance of drainage on the 
tear pH re-equilibration rate. 

These studies on the lacrimal fluid pH as a function of the formulation pH and 
buffer capacity have several important implications regarding the disposition of 
pilocarpine in the eye. It is evident that following the instillation of a solution 
buffered below the physiological pH of the tears, the extent of depression of the tear 
pH and the tear pH re-equilibration time depends not only on the pH of the 
solution, but also on precorneal fluid dynamics and the buffer capacities of the 
instilled solution and that of the tears. Prolonged depression of the tear film pH 
could reduce the cornea1 permeability of an ionizable, basic drug such as pilocar- 
pine. Furthermore, induced lacrimation stimulated by a non-physiological condition 
in the eye could dilute and cause rapid removal of the drug from the precorneal area. 
Therefore, a substantial reduction in ocular bioav~lability can occur when the 
instilled solution is strongly buffered. 

The effect of pH and buffer capacity on. the precorneal loss of pil~~ine is 
shown in Table 2. The concentration of pil~a~ine in the precorneal area post-instil- 
lation was determined and was found to decline monoexponentially. This behavior is 
in agreement with previous studies (Patton, 1976). From plots of log-concentration 
versus time, pseudo-first-order rate constants for the decline in concentration of 
pilocarpine were obtained. 

There is a slight but statistically insignificant decrease in the apparent rate 
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TABLE 2 

APPARENT FIRST-ORDER RATE CONSTANTS FOR THE DECLINE OF PILOCARPINE CON- 
CENTRATION IN THE TEARS IN RABBITS FOLLOWING THE TOPICAL INSTILLATION OF 
25 (~1 OF 0.01 M PILOCARPINE NITRATE SOLUTIONS BUFFERED AT VARIOUS pHs WITH 
0.0667 M ISOTONIC PHOSPHATE BUFFER AND AT pH 4.5 IN THE ABSENCE OF BUFFER 

pH of the instilled 
solution 

First-order rate constants for the 
decline in pilocarpine concentration 
in the tears (min-‘) 

Buffered Unbuffered 

4.5 0.672 (0.097, 13) ’ 0.643 (0.070, 21) 

6.0 0.620 (0.042, 8) 
7.2 0.429 (0.075. 7) 

il Numbers in parentheses refer to the S.E.M. and number of determinations. respectively. 

constant when the instilled solution was buffered at pH 6.0 as opposed to pH 4.5. 
and a much slower rate of deciine is observed when the instilled solution pH is 7.2. 
PiJ~arpjne has a higher permeability coefficient in its unionized form compared to 
the ionized drug moleeu’te (Francoeur et al., 1983). I~lcreasing the concentration of 
unionized pilocarpine in the precorneal fluid should facilitate the absorption of 
pifocarpine. Accordingly, a faster rate of decline in the tear concentration of 
pilocarpine would be expected as the pH of the instilled solutioli is increased. 
Therefore, the trend seen in Table 2 cannot be attributed to absorption processes. 

To further examine the effect of instilled solution pH on the precorneal disposi- 
tion of pilocarpine, the normal tear removal mechanism in the rabbit was eliminated 
by blocking the tear drainage duct. The concentration of inulin and pilocarpine in 
the precorneal area was measured following instillation of 25 ~1 of 1 X lo-’ M 
pilocarpine nitrate solutions, buffered at pH 4.5 and 7.2 in 0.0667 M Sorensen’s 
phosphate buffer. The drug solution was spiked with either [“CJinulin or f”H]piJo- 
carpine. The data was treated as described previously and apparent rate constant 
values were obtained (Table 3). Under these conditions, the decline in the inulin 
concentration in the tears is primarily due to tear production. while for pilocarpine, 
absorption in addition to tear production is responsible. The results show that the 
rate of deciine in the tear concentration of inulin are similar at pHs 4.5 and 7.2, The 
decline in pilocarpine concentration in the tears is two-fold faster at pH 7.2 than at 
pH 4.5. Since unlike inulin, pilccarpine is absorbable anti exists primarily in its 
ionized form vt pH 7.2, these observations can be expJ~~j~~ed by a faster i~bs~~rptiol~ of 
pil~~~arpine at the higher pH. 

However. when there is normal tear drainage, the apparent rate of decline in tear 
~(~I~~~ntration of pilocarpine is greater at pH 4.5 than at 7.2. Tear drainage in 
association with reflex tear production appears to have a large effect on drug 
concentration in the precornral area. These factors at pH 4.5 have a greater ofi’t‘ct on 
the tear concentration of pilocarpine than does an increase in the absorption rate at 
pH 7.2. Consequently, in this case the apparent rate constant for decline in 
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TABLE 3 

APPARENT FIRST-ORDER RATE CONSTANTS FOR THE DECLINE IN PlLOCARPlNE CON- 
CENTRATION AND INULIN ACTIVITY IN THE PRECORNEAL AREA OF 60-DAY RABBITS 
WITH PLUtiGED TEAR DRAINAGE DUCT FOLLOWING TOPICAL INSTILLATION OF 25 ~1 
OF 0.01 M PILOCARPINE NITRATE SOLUTION BUFFERED AT EITHER pH 4.5 OR pH 7.2 
WITH ISOTONIC 0.0667 M SORENSEN’S PHOSPHATE BUFFER. 

pH of instilled solution 

4.5 7.2 

lnulin 0.097 (0.004. 14) a 0.106 (0.044. 8) 
Pilocarpine 0.121 (0.C23.6) 0.242 (0.037.6) 

’ The numbers in parentheses refer to the S.E.M. and to the sample size, respectively. 

pilocarpine concentration in the tears is larger at pH 4.5 than at pH 7.2. 
The value for the apparent rate constant for the decline in pilocarpine concentra- 

tion in the tears following the instillation of an unbuffered solution at pH 4.5 is 
similar to that of a buffered solution at the same pH (Table 2). Initially. this 
observation is surprising since more reflex tear production and a faster decline in the 
pilocarpine concentration in the precorneal area is expected when the solution is 
buffered. 

In order to examine the formulation buffer effect on the precorneal disposition of 
pilocarpine, rabbits were dosed with 25 ~1 of 1 X 10-I M pilocarpine nitrate 
solutions spiked with [i4C]inulin. The solutions administered were either buffered at 
pH 4.5 in 0.0667 M sodium phosphate or unbuffered at pH 4.5. The inulin 
concentration in the tear chamber was measured following instillation (Table 4). The 
faster decline in inulin concentration for the buffered solution indicates that 
buffering increases tear production and tear drainage. The similar magnitude for the 
rate constants for the decline in pilocarpine concentration in the absence and in the 
presence of buffer is probably due to an increase in the rate of absorption of 

TABLE 4 

APPARENT FIRST-ORDER RATE CONSTANTS FOR THE DECLINE OF PILOCARPINE CON- 
CENTRATION AND INULIN ACTIVITY IN RABBITS FOLLOWING THE TOPICAL INSTILLA- 
TION OF 2: pl OF 0.01 M PlLOCARPINE NITRATE SOLUTION BUFFERED AT pH 4.5 WITH 
0.0667 M ISOTONIC PHOSPHATE BUFFER AND AT pH 4.5 IN THE ABSENCE OF BUFFER 

First-order rate constants for the 
decline in pilocarpine concentration 
and inulin activity in the tears (min _ ’ ) 

lnulin Pilocarpine 

Buffered 0.586 (0.078, 15) p 0.672 (0.097. 13) 

Unbuffcrcd 0.456(0.049, 19) 0.643 (0.070.21) 

a Numbers in parentheses refer to the S.E.M. and number of determinations, respectively. 
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pilocarpine when the formulation is unbuffered. This partialI, off-sets precotneal 
fluid factors when the solution is buffered. 

Following the instillation of 25 1.11 of a pH 4.5 drug solution, there is il 6-8-fold 
reduction in the rate of decline in pilocarpine and inulin concentraticrr: in the 
precorneal area when tear drainage is blocked (Tables 3 and 4). A similar but more 
modest two-fold reduction is observed when the instilled solution pH is 7.2 (Tables 2 

and 3). These findings are surprising since drainage is not expLv.u‘led to alter drug 
concentration in the tears directly (Patton and Robinson, 1976). Teorell (1937) 
showed that the first-order rate constant associated with the movement from one 
compartment to the next is inversely related to the fluid volume in Ihe donor 
compartment. The resident tear volume in awake rabbits is approximately 7.5 ~1 
(Chrai et al., 1973). Following the instillation of a 25 ~1 dose. the lacrimal fluid 
volume will rapidly decline from 32.5 ~1 to 7.5 ~1 due to instilled solution drainage. 
However, when tear drainage is occluded, the lacrimal fluid volume remains essen- 
tially constant at 32.5 ~1 post-instillation. Therefore. the larger lacrimal fluid volume 
in the precorncal area can cause a 4-fold reduction in the rate constant Value when 
the drainage duct is blocked. While this explains the two-fold reduction in the rate in 
the absence of drainage when the instIlled solution is pH 7 .2. it does not cornple~el~ 

account for the 6-&fold reduction in the rate constant value when the pH of the 
dose is 4.5. Induced lacrimation is expected to be greater following the instilMon of 
a pH 4.5 solution than a pH 7.2 solution and is reflected by a larger drainage rate al 

the lower pH (Conrad et al., 1978). When tear drainage is prevented. induced or 

reflex tear production does not appear to significantly alter the tedr concentration of 

inulin (Table 3). Therefore, when tear drainage is not blocked. the maximum 
expected value for the rate constant for the decline in inulin concentration in the 

tear chamber l’ollowing instillation of B 25 ~1 dose. due to a volume effLzc. would be 
about 0.44 mi:l ‘. However, the measured value of 0.586 min ’ (Table 4) when the 
instilled solut:on pH is 4.5 is consi&rably larger. In t’wt. this value is in good 
agreement with the reported drainage rate constant vulue of i~b~~ut 0.62 min ’ iit pH 

4.5 (Conrad et al.. 1978). Therefore. it appears that induced lacrimatinn not onI) 

increases the rate of tear drainage, but the interplay of induced tear production and 

drainage also causes a substantial decline in the drug concentration in the tears. 
However, neither induced Iacrimation nor drainage alone has much c’ffLzt on the 
drug concentration in the tear chamber. The interaction between reflex Icar produc- 
tion and drabnagc is :IISV iill effective mechanism by which the tear film pli 
rc-equilibrates. Tear rc-equilibration time is substimtiall~ prolonged in Ihe absence 
01’ tear drainage (Fib a. 2) and in anrsthetized rabbits (Longwell et al.. 1976). 

Decline in pilocarpine concentration in the Iear chamber is due to both prc- 
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TABLE 5 

‘APPARENT” ABSORPTION 
INSTILLED WLUTIDN pti 

RATE CONSTANTS FOR PiLDC-ARPINE AS A FUNCTION OF THE 
AND BUFFER CAPACITY 

Condiltcm ‘Apparent’ absorption rate 
cwnslant (min _ ’ ) J 

Dpen kac druinqc duct; sslukn buffered ilt pH 4.5 0.086 
unbuffered at pH 4.5 0.187 

on bulkred at pH 7.2 0.136 
10n bufkred aI pH 4.5 0.024 

a Obthwd by subtrwing Ihe V~UCS for inulin from those of pilwatpine in Tables 3 and 4. 

btxxwx the.se values reflect not only comeal absorption, but also the ‘non-produc- 
tive’ absorption of pilocarpine (Patton and Robinson. 1976). Furthermore, since 
these parameters were calculated based on tear concentration data. they reflect and 
are influenced by precorneal fluid dynamics. For instance, the inflated values for the 
‘apparent’ absorption rate constants in the case where the tear drainage duct is open 
are probably due to the ‘parallel loss’ of drug caused by instilled solution drainage 
(Makoid and Robinson, 1979). However, these parameters do provide qualitatively 
useful information and may be utilized to compare the relative extent of absorption 
under various conditions. Based on data in Table 5, buffering the drug solution at 
pH 4.5 may cause a two-fold reduction in the ocular penetration of pilocarpine as 
compared to when it was not buffered. 

The effect of pH and buffer capacity on the ocular penetration of pilocarpine was 
also studied. Aqueous humor levels of pilocarpine were measured following the 
instillation of 25 ~1 of 1 x lo-’ M pilocarpine solution. The peak time remained at 
about 20 min regardless of the formulation (Table 6). Induced lacrimation can 
significantly reduce pilocarpine absorption when the instilled solution pH is below 
the physialoglcal pH of the lacrimal fluid. For this reason much higher aqueous 
humor l~els are seen when the pH of the dose is 7.2, because of minimal induced 
lacrimation at this pH. Therefore, increasing the concentration of unionized pilo- 

TABLE 6 

PEAK AQUEOUS HUMOR CONCENTRATION OF PILOC’ARPINE IN RABBITS FOLLOWING 
‘l’H1: TOPICAL, INSTILLATION OF 25 ~1 OF 0.01 M PILOCARPINE NITRATE SOLUTIONS 
tWFFI:RED (WITH 0.0667 M ISOTONIC SORENSEN’S PHOSPHATE) AT pH 4.5.6.0.7.2. AND IN 
THE ARSI:N<‘E OF HIJFFER. pti 4.5. 

-_E______q-ll___--___I_ 
pit of thr mrlillcd ~8 of pilwrrpine per ml of aquwus humor 

wlulinn Buffwd Unbuffered 
-_- _~. - i-_ v---*--w 
4.5 0.72 (0.05. 7) il - 1.77 (0.18. 6) 

0 0 I.11 (0.11.X) 
7.2 2.02 (0.22.8, 

” Numbers in p;rrenl&es rffer 10 the S.E.M. and number of detrrminations. resptwively. 
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carpine in the precorneal area causes a substantial increase in ocular ~n~trati~n 
only when reflex tear production is negligible. 

The aqueous humor level of pilocarpine was two-fold higher when the instilled 
drug solution was not buffered at pH 4.5 as compared to when it was buffered at the 
same pH (Table 6). This increase in ocular penetration is in agreement with the 
previous results shown in Table 5. Based on the results shown in Tables 5 and 6 and 
from the information presented throughout this study, it is clear that buffeting a 
pilocarpine solution below the physiological pH of the tears reduces ocular penetra- 
tion both by suppressing the absorption of the drug and by increasing reflex tear 
production and tear removal. 

Conclusion 

in summary, the buffer used in formulating an ophthalmic solution below 
physioIogica1 pH plays a crucial role in d~terrnii~in~ the ocular ~netration of 
pilocarpine. In this regard, both precorneal fluid dynamic factors and drug absorp- 
tion based on the pH-partition hypothesis are important. In systems that do not 
depress lacrimal fluid pH appreciably and allow a rapid return of the tear film pH to 
its normal resident value post-instillation, drug absorption depends primarily on the 
pH-partition effect. 

Acknowledgements 

Supported in part by a grant KEY-~1945) from the Nat~on~~i lnstit~ltes of Health, 
National Eye Institute. 

References 

Chrai. S.S., Patton, T.F., Mehta, A. and Robinson, J.R., Lacrimal and instilled fluid dynamics in rabbit 
eyes. J. Pharm. Sci.. 62 (1973) 1112-1121. 

Conrad, J.M., Reay. W.A.. Polcyn, R.E. and Robinson, J.R.. Influence of tonicity and pti on lucrimation 
and ocular drug bioavailahility. J. Parenteral Drug Ass.. 32 (197X) 149-161. 

Francoeur, M.. Ahmed, i., Sitek. S. and Patton, T.F.. Age-related differences in ~~phth~trnic drug 
disposition 111. Cornea1 permeability of pil~a~ii~e in rabbits. Int. J. Phnrm,, 16 (lQ83) 2U3- 213. 

Keller, N., Moore, D., Carper, D. and Longwell, A., Increased corncal ~rn~eal~itity induced by the dual 
effects of transient tear film acidification and exposure to henanlkonium chloride. I$qx Eye Rcs., 30 
(1980) 203-210. 

Longwell. A., Birss, S.,Kellcr, N. and Moore, D.. Effects of topically applied pilocarpine on tear fihn pti. 
f. Pharm. Sci., 65 (1976) 16.54-1657. 

Makoid, M.C. and Robinson. J,R., Pharn~acokinet~cs of l~~p~cally applied pil~~arpine in the rabbit eye. J. 
Pharm. Sci,, 68 (1979) 435-443. 

Maurice. D.M., The Dynamics and Drainage of Te:lrs. Int, Ophthahnol. Clin.. 13 (1973) 103-l 16 
Miller. SC., Ph.D. Thesis, The University of Kansas, Lawrence, KS, lQ!?O. 
Mitra, A.K. and Mikkelson, T.J., Ophthalmic solution buffer systems I. The effrvts of huffer concentra- 

tion on the ocular absorption of pilocnrpine. lnt. J. Pharm, 10 (19X2) 219-229, 



227 

Pailrwt. Y.F. and Robuwm. J.R.. Quantitative precorneal disposition of topically applied piioc-xpine 

nitrate in rabbit eyes. J. Pharm. !kx. 65 (1976) 1295 1301. 

Swg. J.W. and Robinson. J-R.. Vehicle effects on ocular drug broavailability II. Evaluation of pilocarpine. 

J. f%arm. SCI.. 66 (1977) 1222- 1228. 

TeorrU. T.. Kinetics of distribution of substances administered IO body. extravascular modes of adminis- 

watton. Arch. Int. Pharmacodyn. Ther.. 57 (1937) 205-225. 


