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ABSTRACT 

Cyclosporine (CsA) is commercially available for oral administration as a 

solution in olive oil with alcohol and an emulsifier. This formulation suffers from the 

disadvantages of poor and highly variable absorption, objectionable taste and difficulty 

in measuring the prescribed dose by visually impaired patients. Several oral 

formulations were prepared and tested in vitro and in vivo in dogs. Based on these 

preiiminary results the dosage form chosen for evaluation was a tablet formulation 

prepared by direct compression. These tablets were compared to the commercial oil 

solution placed into soft gelatin capsules. In order to determine absolute bioavailability 

and to avoid the concern of time-dependent clearance, an intravenous tracer dose of 

3H-CsA was simultaneously administered with each oral test product on each of two 

occasions. Absolute bioavailability was 46.0 ± 11.1 % and 45.4 ± 9.9% for the capsules 

and tablets, respectively. Cmax ' tmax and MRT were not significantly different between 

the two products. No differences were observed in the pharmacokinetics of the 

intravenously administered CsA in the two experiments which were separated by 8-13 

days. 

The elderly, usually defined as people over 65 years of age, constitute about 

12% ofthe U.S. population. It has been estimated that one out offour elderly people 

is arthritic and is, therefore, a candidate for chronic salicylate therapy. The 

pharmacokinetics of salicylate following a single oral solution dose of 600 mg of sodium 

salicylate were investigated in 22 healthy, nonsmoking male subjects. The plasma 
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concentration and urinary excretion of salicylic acid and its metabolite, salicyluric acid, 

as well as the urinary excretion of salicyl glucuronides were monitored. Urinary 

recovery essentially accounted for the administered dose and was not influenced by age, 

nor was the apparent oral clearance of salicylic acid. Assuming no presystemic 

elimination, it could be concluded that systemic availability is unaffected by age. An 

increase in the apparent volume of distribution, Varea' and a decrease in the maximum 

plasma salicylic acid concentration with age were observed. Renal clearance of 

salicyluric acid decreased significantly with age and was found to correlate significantly 

with creatinine clearance. 
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Since its introduction as an immunosuppressive agent in 1978, cyclosporine 

(cyclosporin A. CsA) has had a major impact on organ transplantation, significantly 

improving survival rates of heart, heart-lung, liver, kidney and pancreas allograft 

recipients (Shaw et al., 1987). CsA has also been used in the treatment of diabetes, 

rheumatoid arthritis, aplastic anemia, myasthenia gravis and other autoimmune 

diseases (Sketris, 1989). There are reports which indicate that CsA may be effective 

in treating parasitic diseases such as malaria (Thommen-Scott, 1981; Nickel et al., 1982) 

and schistosomiasis (Beuding et al., 1981; Bout et al., 1984). 

The mechanism of action of CsA is not completely understood. The drug 

appears to interfere with the secretion of interleukin-1 from macrophages and 

interleukin-2 from activated T helper cells which impair T cell-dependent B cell 

activation and expansion of un primed cytotoxic T cell subsets (Gerson, 1987). Unlike 

many other immunosuppressants, CsA does not greatly impair the body's defense 

against infections since it generally spares macrophages and polymorphonuclear 

leukocytes (Sketris, 1989). 

Physicochemical Properties: 

Chemically, CsA is a cyclic undecapeptide isolated from the fungus 

Tolypocladium inflatum (Figure 1.1). The drug is hydrophobic, freely soluble in 
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alcohols, halogenated solvents and ethers, and insoluble in water and alkanes. Due 

to the absence of chromophoric groups, CsA exhibits an ultraviolet absorption 

maximum at 195 nm, with molar absorptivity, E, of 66,000 l/mol.cm (Shawet al., 1987). 

In solution, CsA exists as several conformational isomers; heat accelerates the 

interconversion among these conformers (Bowers and Matthews, 1985). 

Measurement of Cyclosporine in Biological Fluids: 

A sensitive, specific, reproducible and accurate method of analysis is 

indispensable to obtain meaningful data from any pharmacokinetic study. Two major 

methods are available for measuring CsA in biologic fluids: radioimmunoassay (RIA) 

and HPLC. A fluorescence polarization immunoassay (FPIA) has also been introduced 

(Wang et al., 1986). 

RIA employs a polyc1onal antibody raised in sheep against an analog of CsA, 

cyc1osporin C. The method is simple, rapid and sensitive, however, it suffers from the 

serious disadvantage of being nonselective; several CsA metabolites bind to the RIA 

antibody to a considerable extent (Shawet al., 1987). 

A mouse monoclonal antibody was developed at Sandoz which is specific for 

unchanged CsA (Quesniaux et al., 1987; Ball et al., 1988). An RIA kit using this 

antibody has recently been made available (Sandimmune(R) RIA KIT). 

HPLC analysis of esA was first reported by Niederberger et al. (1980); several 

methods have since been reported. All the reported methods enable selective 

measurement of CsA and some allow the measurement of its major metabolites. Sensi-
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tivity is generally comparable to and sometimes less than that of RIA. Representative 

HPLC methods are summarized in Table 1.1. 

A number of problems are associated with the measurement of CsA by HPLC. 

First, the lack of chromophores in the CsA molecule necessitates that UV detection 

be carried out at a short wavelength (e.g., 214 nm); interference of other sample 

constituents is very high at such wavelengths. Consequently, extensive sample clean

up is required. This is usually achieved through solvent or solid-phase extraction. 

Alternatively, sophisticated techniques such as column-switching are applied. The 

former approach makes the assay labor-intensive, while the latter is quite expensive 

and requires equipment which is not available in most laboratories. 

A second consideration is that CsA exists in the form of several conformers 

which possess different retention properties. When chromatographed at room 

temperature, CsA is eluted as a very broad peak. At 4° C, on the other hand, conform

ers could be resolved into individual peaks. Heating the column increases the 

interconversion rate and thus a sharp peak representing an average conformer 

composition is obtained (Bowers and Matthews, 1985). When using less polar columns 

such as C18, temperatures as high as 7:fC are needed. However, using a more polar 

stationary phase that is less capable of resolving the various conformers, such as Cl or 

cyanopropyl, temperatures around 5(f C are sufficient to produce a sharp, well-defined 

peak of CsA (Shaw et ai., 1987). 

Whether measured by HPLC or by RIA, an important decision that needs to be 

made is which biological fluid to analyze. A great deal of controversy is seen in the 
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literature as to whether whole blood or plasma (serum) is the fluid of choice. The 

problem arises from the fact that CsA partitions into erythrocytes. Lemaire and 

Tillement (1982) found that 58% of CsA was associated with red blood cells (RBCs). 

The drug was found to bind to an intracellular protein rather than to the RBC 

membrane (Agarwal et al. 1986). Binding is rapid and reversible (Lemaire et al., 1986). 

Partitioning of CsA and its metabolites between plasma and RBCs was found to 

depend on hematocrit (Lemaire and Tillement, 1982), temperature, and CsA 

concentration (Niederberger et al., 1983). 

In a recent report, Lensmeyer et al. (1989) studied the influence of various 

factors on the distribution of CsA and nine of its metabolites between plasma and 

erythrocytes. Erythrocyte:plasma CsA ratios of 1.2 and 4.5 were found at 3'"fC and 

2'1: C, respectively. This ratio also increased from 1.0 to 3.0 as the hematocrit increased 

from 24% to 47.8%. The percentage of CsA associated with plasma was relatively 

constant between CsA whole-blood concentrations of 100 and 500 ng/ml. However, 

when CsA concentration increased to 1000 ng/mI, much more CsA became associated 

with plasma. CsA metabolites exhibited a wide range of distribution properties. Two 

major metabolites of CsA, M1 and M17, almost totally partitioned into RBCs. Another 

metabolite, M203-218, showed almost no association with RBCs. A major metabolite, 

M21, exhibited distribution properties similar to those of CsA. 

In samples obtained from patients receiving CsA, the patterns of distribution 

were similar in all patients. However, the relative amount of CsA and M17 associated 

with plasma varied significantly among patients' specimens. Such differences could not 
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be explained solely by differences in hematocrit, as no significant correlation was found 

between RBC-to-plasma ratio and hematocrit. 

Time is another factor that influences CsA distribution between plasma and 

erythrocytes. Time to reach equilibrium was found to be 30 minutes and 2 hours at 

3"fC and 2(fC, respectively (Van den Berg et al., 1985). 

Based on the above information, it is clear that whole blood has an advantage 

over plasma by avoiding the influence of all the variables affecting RBCs:plasma 

distribution of CsA and its metabolites. The higher concentrations of CsA and its 

major metabolites in blood make it possible to follow the decline of the drug for longer 

periods of time, a bonus that is very much appreciated in pharmacokinetic studies. 

On the other hand, plasma concentration has generally been thought to be a 

better indication of therapeutic effectiveness than whole blood concentration. This 

relationship, however, is yet to be shown for CsA Due to saturable binding to RBCs, 

it is possible to obtain errors in estimating the extent of CsA absorption using blood 

concentration (Legg and Rowland, 1988). Actually, there is now a continuing trend 

away from the use of plasma for CsA measurement (Shaw, 1989). 

Pharmacokinetics of Cyclosporine in Humans: 

The concentrations of CsA measured by RIA are generally higher than those 

measured by HPLC due to cross-reactivity of CsA metabolites with the polyclonal 

antibody. RIA:HPLC ratios of 1:1 to 15:1 have been reported. The ratio depends on 

sampling time, patient's liver function, coadministration of drugs that may alter the 
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metabolism or biliary excretion of CsA, and the patient population studied (Shaw et al., 

1987). High ratios are usually observed in the early stages following liver and heart 

transplantation. 

The studies reporting CsA pharmacokinetics have used all possible 

combinations of assay methodologies and sample matrices. This has resulted in a 

confusing array of information that makes it practically impossible, in some instances, 

to compare the results of one study to those of another. To avoid the confusion 

resulting from the use of nonspecific RIA, the following discussion of CsA kinetics in 

man will be based, unless otherwise stated, on results of studies applying specific 

analytical methods, i.e. HPLC and monoclonal RIA. 

Absorption: 

CsA is commercially available for oral administration as a solution in olive oil 

with alcohol and peglicol-5-0Ieate as an emulsifier. The preparation is administered 

by dispersing the required dose in a suitable vehicle such as milk or juice. The Sandoz 

Corporation has also recently marketed a soft gelatin capsule preparation filled with 

the drug solution, substituting corn oil for olive oil (Nashan et at., 1988). Absorption 

following oral administration is slow, incomplete and highly variable. Peak plasma 

concentrations are achieved one to eight hours after oral administration (Ptachcinski 

et al., 1986a). Up to four-fold differences in maximum plasma or blood concentrations 

in patients receiving the same oral dose of CsA have been reported (Beveridge et at., 

1981; Ptachcinski et al., 1985a). 
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Marked variability in CsA oral bioavailability has also been reported. Mean 

absolute bioavailability in renal transplantation was 27% (range <5-89%) in adults 

(Ptachcinski et al., 1985b) and 31% in children (Ptachcinski et al.,1986b). Following 

heart transplantation, 35 % of the dose was absorbed (Venkataramanan et al., 1986b). 

Adult liver transplant recipients showed 27% (range 8-60%) absorption (Burckart et 

al., 1986a), while children showed <5-19% absorption in the immediate post-operative 

period (Burckart et al., 1985). 

The absorption kinetics of CsA from oral solution is the subject of some 

controversy. In most reports where pharmacokinetic modeling is attempted, oral 

absorption of CsA is assumed to follow first-order kinetics. However, there is some 

evidence that CsA absorption may follow zero-order kinetics (Grevel et al., 1986). 

This conclusion should be cautiously considered as CsA concentrations were measured 

by nonspecific RIA. Reymond et al. (1988), using HPLC, found that a model with zero

order input fitted their data better than one with first-order input. They also showed 

that the relationship between bioavailability and dose of CsA was best described by a 

hyperbola, interpreting that finding as an indication of dose-dependence in bio

availability. However, the term used to express bioavailabilitywas F . D IV c rather than 

just F, since they did not administer an intravenous dose. Furthermore, the area under 

the blood concentration-time curve (A UC) of CsA increased linearly with dose. Thus, 

the decrease in bioavailability they reported may have been an artefact of a time- or 

dose-dependent change in the volume of distribution. More extensive studies with oral 
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and intravenous doses are needed to elucidate the kinetics and investigate the dose

dependency of CsA absorption. 

CsA absorption is influenced by various factors which lead to large variabili ty 

among individuals. Increased gastric emptying rate (GER) by oral administration of 

metoclopramide resulted in an increase in maximum CsA blood concentration and a 

decrease in the time to reach that maximum in renal transplant recipients. The area 

under the blood concentration-time curve was also increased, probably due to 

enhanced release of CsA from its oil-based formulation by enhancing gastrointestinal 

motility (Wadhwa et al., 1987a). 

Adequate bile flow appears to be essential for the absorption of CsA. Tredger 

et aL (1988) administered oral and intravenous CsA to liver transplant patients before 

and after clamping their external biliary drainage T-Tubes. Clamping the T-tubes 

resulted in a significant increase in mean bioavailability from 10.6% to 28.1 %. A 

similar effect was reported by Mehta et al. (1988), where a 3-fold increase inAUC was 

observed following T-tube clamping. Similar findings have also been reported in dogs 

(Venkataramanan et al., 1986a). 

Administration of CsA with food resulted in a significant increase in the peak 

and trough CsA blood concentration andAUC, possibly by enhancing CsA absorption 

(Ptachcinski et aL, 1985a). On the other hand, Keogh et al. (1988), using RIA, reported 

no significant difference in CsA absorption between fasting and non-fasting subjects. 

More extensive studies with oral and intravenous dosing are needed. 
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The presence of gastrointestinal disease may also impair CsA absorption. Bone 

marrow recipients with chemoradiation enteritis, acute graft-versus-host disease of 

the intestine or candida enteritis showing more than 500 ml of diarrhea in 72 hours 

had significantly lower CsA serum AUC (Atkinson et a/., 1984). Impaired CsA 

absorption has also been noted in pediatric liver transplant recipients with diarrhea, 

necessitating the administration of intravenous esA to provide adequate immuno

suppression (Burckart et a/., 1985). 

Liver disease appears to have a detrimental effect on CsA absorption. CsA 

bioavailability was low (12%) in patients with severe liver disease (Venkataramanan 

et a/., 1985a). Experimentally induced cholestasis in dogs produced a decrease in CsA 

bioavailability from 23% to 7.4% (Takaya et a/., 1987). 

Distribution: 

As mentioned earlier, CsA distributes preferentially into RBCs. In plasma, CsA 

is extensively bound to proteins, especially lipoproteins. The unbound fraction in 

plasma from transplant patients ranges from 0.04 to 0.17 at 3'fC (Burckart et a/., 

1986b). Of the different lipoproteins in plasma, the high-density lipoprotein (HDL) 

binds 57% of the drug compared with 25% bound to low-density lipoprotein (LDL) 

and about 2% bound to the very-low-density lipoproteins (VLDL). The amount of 

CsA bound to chylomicrons is negligible (Niederberger et a/., 1983). Intersubject 

variation in the concentration of HDL in plasma may be a source of variability in CsA 

kinetics. Unbound fractions in plasma vary among different animal species; these 
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values appear to be related to the concentration of lipoproteins in the various species 

(Burckart et al., 1986b). 

CsA distributes throughout the body. Adipose tissue has a high concentration 

of CsA. Liver, pancreas, lungs, kidney, adrenals, spleen and lymph nodes have higher 

CsA concentration than serum. CsA also crosses the placenta and is found in the milk 

of nursing mothers. The drug does not readily cross the blood-brain barrier (Atkinson 

et al., 1983; Ried et al., 1983). 

Volume of distribution ofCsA varies among different patient populations, being 

smallest in normal volunteers and heart transplant recipients (Burck art et al., 1986b). 

Variation may be due to differences in binding to erythrocytes and lipoproteins. 

Elimination: 

Hepatic biotransformation is the main route of CsA elimination in man and 

animals, such as rabbits, dogs and rats (Maurer et al., 1984). CsA is almost completely 

metabolized by the hepatic mixed-function oxidases into more than 20 metabolites. 

The structures of 12 of these metabolites have been elucidated (Maurer and Lemaire, 

1986). Metabolites are excreted mainly in bile, with less than 1% excreted as 

unchanged CsA (Venkataramanan et al., 1985b). 

CsA exhibits a low to intermediate hepatic extraction ratio (Venkataramanan 

et al., 1985c). Therefore, the clearance of CsA is influenced by changes in binding, 

intrinsic clearance and, to a lesser extent, liver blood flow. The terminal half-life of 
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esA is highly variable among patients; reported values range from 2 to 53 hours (Shaw 

et al., 1987). 

Renal excretion is a minor route of elimination of esA Cumulative urinary 

recovery of unchanged esA and total radioactivity was 1% and 6% of the dose, 

respectively (Beveridge, 1982). 

The elimination of esA is influenced by age, disease and concurrent 

administration of other drugs. Pediatric patients appear to metabolize esA more 

readily than do adults; this sometimes necessitates the administration of higher doses 

to children (Yee et al., 1986). esA clearance is impaired in patients with liver disease 

(Venkataramanan et al., 1985b; Burckart et al., 1986b) and congestive heart failure 

(Burck art et al., 1986b). A number of drugs appear to influence the pharmacokinetics 

of esA Known cytochrome P-450 inducers such as phenytoin (Keown et aI., 1984), 

phenobarbital (Burckart et ai., 1984), carbamazepine (Lele, 1985) and rifampin (Van 

Buren et ai., 1984) produced a decrease in esA blood concentrations in humans. On 

the other hand, ketoconazole (Ferguson et ai., 1982) and erythromycin (Wadhwa et aI., 

1987b) produced an increase in esA blood concentrations; however, since no 

intravenous dosing was performed in these studies, it is not possible to determine 

whether a change in metabolism or absorption is responsible for the resulting changes 

in esA concentrations. However, on examining literature data, Rowland and Gupta 

(1987) suggested that since the ratio of the AUCs of two metabolites to esA did not 

change with the administration of phenytoin, the decrease in the AUC of esA with 
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phenytoin administration may have resulted from a reduction in absorption rather than 

an increase in metabolism. 

Time-dependent changes in cyclosporine pharmacokinetics: 

Time is another factor that adds to the complexity of CsA disposition kinetics. 

Burckart et al. (1985) observed an increase in CsA bioavailability in pediatric liver 

transplant recipients. This phenomenon may be explained by the time-dependent 

improvement of bile flow. However, a similar increase has been observed in renal 

allograft recipients. Kahan et aL (1983), using RIA, observed a considerable increase 

in the bioavailability of CsA in renal transplant recipients. With HPLC as the method 

of analysis, and both oral and intravenous administration, the bioavailability of CsA was 

shown to increase from 32 ± 13% before to 47 ± 13% after renal transplantation in 6 

patients (Odlind et al., 1986). The underlying mechanism of this effect is not known. 

It should be noted here that regular administration of olive oil to dogs resulted in an 

increase in the peak CsA concentration, as determined by RIA (Wassef et al., 1985) 

Following chronic CsA oral administration for 12 weeks to renal transplant 

recipients, Awni et aL (1989) found a significant increase in the dose-adjusted AUC, 

peak and trough blood concentration of CsA. No intravenous dose was given to 

determine whether this effect was due to changes in absorption, distribution or 

elimination. However, the dose-adjustedAUC correlated with hematocrit which, in 

turn, increased significantly with time. This may suggest a change in CsA distribution. 

Plasma lipoproteins, total proteins, albumin and triglycerides were also found to 
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increase significantly with time. On the other hand, the ratio between theAUC of three 

major metabolites, M1, M17, M21, and that of CsA did not change with time, sugges

ting time-independence of CsA elimination. More extensive longitudinal studies 

involving all transplant patient populations are needed to elucidate the time

dependency of CsA pharmacokinetics. 

Formulation of Cyclosporine Oral Dosage Forms: 

The aqueous solubility of CsA is about 0.04 mg/mI. Drugs with such low 

solubility are generally expected to have oral bioavailability problems. During the 

development of a CsA oral dosage form at Sandoz, it was found that, in spite of its 

low water solubility, CsA had a good immunosuppressive effect in animals when given 

as a solution in olive oil (Cavanak and Sucker, 1986). Solutions in polyethylene glycol 

and Meglyol, a synthetic neutral oil, even with the addition of emulsifiers, were 

unsuccessful. It was, therefore, assumed that unsaturated fatty acids were essential for 

CsA absorption. The two oils which were considered as candidates for the formulation 

were olive oil and corn oil. 

The need then arose for a self-emulsifying liquid dosage form which would 

disperse evenly when mixed with a flavored drink such as milk or juice, since even 

seriously ill patients could not be expected to drink olive oil for months on end 

(Cavanak and Sucker, 1986). Finally, the Sandoz Corporation decided on a 

formulation consisting of CsA (100 mg/ml) dissolved in olive oil with 12.5% ethanol 

and an emulsifier, peglicol-5-0Ieate. 
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Because of the objectionable taste of the olive oil solution and the difficulty in 

measuring the dose for visually impaired patients, Sandoz has developed a soft gelatin 

capsule dosage form, which contains the drug (25 or 100 mg) dissolved in corn oil with 

ethanol and emulsifier. Studies in healthy volunteers (Cavanak and Sucker, 1986) and 

renal transplant recipients (Nashanet aL 1988; Zehnder et al., 1988) have shown almost 

identicalAUC s following the soft gelatin capsules to those obtained following the oral 

solution. 

It is surprising that there has been no mention of any attempt by the Sandoz 

Corporation to develop a tablet dosage form for CsA, since tablets are invariably the 

most popular dosage form. 

Enhancement of the delivery of CsA into the lymphatics has been the objective 

of a series of studies by Takada et aL (1986, 1987, 1989). These studies are based on 

the assumption that since CsA acts mainly on lymphocytes, and since lymphocytes 

circulate mainly in the lymphatic system, enhancing the lymphatic delivery of CsA may 

result in better immunosuppression. 

Takada et aL (1986) administered CsA orally to rats at a dose of 7 mg/kg 

solubilized in HCO-60 (polyethoxylated hydrogenated castor oil), sugar ester, mixed

micellar solution of linoleic acid and HCO-60, sesame oil and linoleic acid. HCO-60-

solubilized drug produced the highest lymph concentration, 57 pg/ml. Plasma con

centrations of CsA, however, were comparable for all solubilizers. Much smaller doses 

of the HCO-60 preparation were required to stabilize skin allografts in mice than doses 
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of CsA solution in sesame oil. It should be noted, however, that the total amount of 

CsA delivered to the lymph hardly exceeded 2% of the administered dose. 

In the second study (Takadaet aL, 1987), CsA was administered to three groups 

of rats. The first group received CsA orally in an oil solution, the second a solution 

in HCO-60 and the third an intravenous dose of CsA. The percentage of the dose 

recovered from the gastrointestinal tract after 8 hours from the first and second groups 

was 44.5 % and 29.1 %, respectively. The systemic bioavailability calculated from A UCs 

after oral and intravenous administration was 28.7% and 54.6% for the first and second 

group, respectively. Furthermore, administration of CsA in HCO-60 increased the 

survival rate after cardiac transplantation in rats compared to the oil solution. 

In an attempt to develop a solid dosage form with selective lymphatic delivery, 

Takada et aL (1989) prepared a solid dispersion of CsA in a mixture of HCO-60 and 

a number of enteric materials: cellulose acetate phthalate (CAP), methacrylic acid

methyl methacrylate copolymer (Eudragit LlOO) and hydroxypropyl methylcellulose 

phthalate (HP-55). The highest in vitro dissolution rate as well as the highest lymph 

concentrations after intragastric administration in rats (76.8 I'g/ml) were obtained 

with a 1:2:8 mixture of CsA:HCO-60:HP-55, compared to the other materials and the 

commercial dosage form. Again, the total amount delivered into the lymph did not 

exceed 2% of the total dose. 
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Pharmacokinetics of Cyclosporine in Dogs: 

The dog was chosen as the animal model in the present study for the evaluation 

of new oral dosage forms of CsA. Suitable size, permitting multiple blood sampling, 

as well as similarity of gastrointestinal anatomy and physiology to man prompted this 

choice (Smyth et aL, 1983). Even though it is not possible to predict absolute bioavail

ability of drugs in humans from studies in the dog, it is usually possible to detect 

formulation problems. Since the dog is extensively used in experimental organ trans

plantation, it also seemed important to elucidate the pharmacokinetics of CsA in this 

animal, through a well-designed study which takes into account and avoids the potential 

sources of error found in literature reports. A few literature reports have appeared in 

recent years dealing with CsA kinetics in dogs (Buice et al., 1985a,b; Cohen et al., 1983; 

Grant et al., 1987; Gridelli et al., 1986; Kakizaki et aL, 1988; Venkataramanan et al., 

1986a; Wassef et aL, 1985; White et al., 1986). These studies are summarized in Table 

1.2. 

Cohen et aL (1983) reported a significant decrease in peak CsA plasma 

concentration after oral administration of 25 mg/kg in olive oil to dogs following 

intestinal transplantation. Plasma was separated at room temperature and CsA was 

determined by nonspecific RIA. 

Buice et aL examined the concentration-time profile of CsA in plasma following 

oral (1985a) and intravenous (1985b) administration. In both studies HPLC was used 

to measure CsA concentrations, however, plasma was separated immediately after 

sample withdrawal without controlling the separation temperature. After oral 
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administration of20 mg/kg of esA in olive oil to 5 dogs, maximum plasma esA concen

trations of 410-1735 ng/ml were attained in 1-2.5 hours. No measurable esA 

concentrations were found after 5, 6, 12, 24 and 24 hours in individual animals. No 

other pharmacokinetic parameters could be calculated because of the short time during 

which esA concentrations could be measured. 

In the intravenous study, Buice et al. (1985b) administered 20 mg/kg of esA by 

intravenous infusion over 30 minutes. They fitted the data and found a tri-exponential 

equation to give the best fit. The terminal half-life from their data was 48.0 ± 29.4 

hours (calculated harmonic mean 38.3 hours). It should be noted, however, that the 

dose administered was very high compared to the therapeutic range of doses used in 

humans (2-5 mg/kg). Furthermore, the authors reported significant toxicity when the 

same dose was given by a short intravenous infusion (5 minutes) and that prolonging 

the infusion period resulted in no significant toxicity. The results of this study may 

represent the kinetics of esA in dogs following a low toxic dose. 

Wassef et al. (1985) studied the absorption of esA in a canine small intestinal 

transplantation model using RIA to determine esA concentrations in whole blood. 

In dogs which underwent massive small intestinal resection, leaving only 20 em of the 

length of the small intestine, virtually no esA was detectable in the blood. This 

suggests that absorption of esA occurs mainly in the small intestine. Autotransplanted 

and stable allotransplanted dogs showed lower esA peak blood concentrations than did 

normal dogs, whereas allotransplanted dogs with rejection of the graft showed a 

markedly decreased peak esA concentration. The authors also reported that regular 
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administration of olive oil alone resulted in an increase in the peak CsA concentration. 

White et al. (1986) investigated CsA pharmacokinetics in normal and 

pancreatectomized dogs following oral and intravenous administration. Oral doses 

of 20 mg/kg daily for 7 days were administered to 9 normal and 6 pancreatectomized . 
dogs, whereas only 5 dogs (2 normal, 3 pancreatectomized) received an intravenous 

bolus dose of 16 mg/kg. Using RIA to measure CsA serum concentrations, the 

investigators found a significant increase in clearance and volume of distribution and 

a decrease in peak serum concentration in pancreatectomized dogs. It should be noted, 

however, that these differences may be an artefact ofthe poor selectivity of the method 

of analysis used, and that CsA biotransformation may be severely impaired in 

apancreatic dogs. 

Kakizaki et aL (1988) reported lower AUC and peak plasma concentrations 

following an oral dose of 20 mg/kg CsA in 5 pancreatectomized dogs compared to 4 

normal dogs. However, there was no significant difference between the two groups 

because of the high intersubject variability. Again, this group also used nonspecific 

RIA. 

In an attempt to answer the question of whether bile is essential for CsA 

absorption, Venkataramanan et aL (1986a) administered 20 mg/kg of CsA to 4 dogs 

before and after cannulation of the bile duct to exteriorize bile drainage. Biliary 

diversion resulted in a significantly lower maximum CsA blood concentration, 

determined by HPLC, and a smaller AUC, indicating that an intact biliary system is 
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essential for CsA absorption from the commercial dosage form in dogs. Only relative 

bioavailability could be calculated as no intravenous dose was administered. Less than 

1 % of the administered dose was excreted unchanged in the bile. 

Grant et al. (1987) examined the pharmacokinetics of CsA and its analog, CsG, 

following an oral dose of 15 mg/kg of each in dogs. Based on HPLC of serum 

separated at room temperature, there was no significant difference in the parameters 

calculated for the two compounds, namely AUC, peak concentration, time to peak, 

apparent oral clearance and terminal disposition half-life. 

Cyclosporine kinetics were studied by Gridelli et al. (1986) in 9 dogs receiving 

either 'an oral (17.5 mg/kg) or an intravenous dose (5 mg/kg). HPLC and RIA were 

used to measure CsA concentrations in portal, hepatic and systemic blood. Only 4 

dogs received both oral and intravenous CsA The difference between RIA and HPLC 

concentrations was used as an index for CsA metabolites. Hepatic extraction ratios for 

drug and metabolites were calculated. A metabolite index, expressed as the percentage 

difference betweenAUC calculated from RIA and that calculated from HPLC, was 

significantly higher after oral than after intravenous administration. The hepatic 

extraction ratio for CsA was about 25%, suggesting low to intermediate extraction. 

Furthermore, the calculated hepatic clearance based on this value and a hepatic blood 

flow of 30.9 ml/min/kg body weight was 7.11 ml/min/kg, which is almost identical to 

a value of 7.06 ml/min/kg calculated from systemic blood after intravenous 

administration. In the 4 animals receiving both oral and intravenous doses, bioavail

ability ranged from 10% to 31 %, based on HPLC and from 22% to 33%, based on RIA. 
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The authors suggested, based on a higher A UC of metabolites in portal blood than in 

hepatic or systemic blood after oral dosing, that CsA is metabolized by the gastro

intestinal flora and/or mucosa. No statistics are provided to test this difference, 

however. 

The objective of the present study was to attempt to prepare an oral formulation 

of CsA which overcomes the problems associated with the current preparation, namely, 

poor and erratic absorption, objectionable taste, poor palatability and difficulty in 

measuring the required dose by visually impaired patients. In order to avoid the 

influence of potential time-dependence of CsA kinetics on the determination of 

absolute bioavailability of the test formulations, we administered an intravenous tracer 

dose of3 H-CsA along with the oral dose of unlabeled CsA. The information generated 

from the present study would help test for time-invariance of CsA disposition; it would 

also permit a better understanding of CsA disposition in the dog, an animal which is 

extensively used in experimental organ transplantation. 



CHAPTER 2 

EXPERIMENTAL METHODS 

Cyclosporine Assay in Whole Blood: 

A. Total Radioactivity: 

36 

Blood samples (200 1'1) were pipetted into ashless cups and burned in a model 

00306 oxidizer (Packard Instrument Co~, Inc., Downers Grove, IL). Samples were 

burned starting with those containing the lowest expected total radioactivity, i.e., 

samples taken at the last time points. A blank cup containing no blood was burned 

between each two consecutive sample sets. Recovery was assessed by burning samples 

containing known amounts of radioactivity and comparing the counts (d.p.m.) to those 

obtained by direct counting of the same amount of radioactivity. Water resulting from 

the oxidation process was trapped and passed into glass vials with 20 ml scintillation 

fluid (Monophae S, Packard Instrument Co). The resulting solution was counted for 

5 minutes in a Packard Tricarb scintillation counter, correcting for quench. 

B. High Performance Liquid Chromatographic Assay: 

Preparation of standards: 

Both CsA and the internal standard, dihydrocyclosporin C (CsC), were provided 

by Sandoz Corporation, East Hanover, New Jersey. Stock solutions of 1 mg/ml of 

CsA and CsC were prepared in acetonitrile and were stored at room temperature. 

Working standards of CsA at concentrations of 0.625, 1.25,2.50, 5.00, 10.00 and 20.00 
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~g/mI and of CsC, 10 ~g/mI, were prepared by diluting the stock solutions with the 

HPLC mobile phase. For the standard curve, blood was spiked with the working 

solutions of CsA to produce final concentrations of 62.50, 125.00, 250.00, 500.00, 

1000.00 and 2000.00 ng/mI. 

Sample preparation: 

CsA was extracted from whole blood by a modification of the method of 

Carruthers et al. (1983). Two milliliters of blood were mixed with 100 ~l of the internal 

standard solution and 4 mI of 0.09N hydrochloric acid and shaken with 10 mI of diethyl 

ether (Baker Resi-Analyzed reagent, JT Baker, Phillipsburg, NJ) for 15 minutes in 

16x150 mm pyrex tubes with teflon-lined screw caps. After centrifugation at 1500 x g 

for 10 minutes, the ether extract was transferred to another tube containing 4 ml of 

0.09N sodium hydroxide, shaken for 10 minutes and centrifuged for 10 minutes. The 

decolorized ether extract was then transferred to a 16x125 mm borosilicate glass tube 

containing about 1 g of exsiccated sodium sulfate and vortex-mixed for 5 seconds. The 

dry ether extract was transferred to a 13x100 mm borosilicate glass tube. Sodium 

sulfate was washed with 2 mI of ether and the combined ether extract evaporated to 

dryness under nitrogen at 3<fC. The residue was vortex-mixed for 15 seconds with 400 

~l of the mobile phase and 400 ~l of hexane and centrifuged for 3 minutes. One 

hundred microliters of the mobile phase (lower) layer was injected into the 

chromatograph. 
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Chromatographic conditions: 

The chromatographic system consisted of a model 110B pump (Beckman 

Instruments, Inc., Fullerton, CA), a 210 sample injector with a 100-1'1 loop (Beckman), 

a 4.6xlOO rnm guard column filled with cyanopropyl-coated silica particles (Alltech, 

Deerfield, IL). The analytical column was an Altex Ultrasphere-CN 4.6x250 mm with 

an average particle size of 5 I'm, maintained at 55' C in a water bath. The eluate was 

monitored by a model 160 fixed-wavelength detector equipped with a zinc lamp and 

214 nrn filter (Beckman). Peak heights were recorded by a Hewlett Packard model 

3390A integrator. Fractions of the eluate, 2.3 minutes each, were collected by a 

fraction collector (Frac 100, Pharmacia, Piscataway, NJ) into 22 rnl polyethylene liquid 

scintillation vials containing 20 rnl of scintillation fluid (Liquiscint, National 

Diagnostics, Somerville, NJ) and counted in a Packard Tricarb 450C scintillation 

counter. 

The mobile phase consisted of 45% acetonitrile and 2% tetrahydrofuran in 

water and was pumped at a flow rate of 1.5 rnI/min, with a back pressure of about 1500 

psi. Peak height ratios of drug to internal standard were calculated for each sample 

and the concentration of CsA determined by referring to a standard curve prepared 

on the same day. 

Within-run and day-to-day reproducibility of the analytical method were 

assessed by analyzing frozen blood spiked with 80.00, 150.00 and 800.00 ng/rnl of CsA. 
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Determination of the purity of tritiated CsA: 

Tritiated CsA (mebmt-B-3H-CsA, 14.1 mCijmg; nominal concentration, 

1mCijml solution in 95% ethanol) was purchased from Amersham Corporation 

(Arlington Heights, IL). In order to determine purity, solutions of 3H-CsA in the 

HPLC mobile phase were chromatographed, fractions collected, and submitted to 

liquid scintillation counting. The total radioactivity in the injected solution ranged from 

about 900 to 9000 dpm/100 J.ll. The radioactivity in the fraction corresponding t0 3H

CsA (fraction 4) was plotted against the total radioactivity in the sample before 

injection, and the slope of the resulting straight line was taken as a measure of purity 

of the tritiated CsA. 

Analytical recovery of unlabeled and tritiated CsA: 

Blood standards contairJng 62.50 to 2000.00 ng/ml of unlabeled CsA and about 

600 to 9000 dpm/ml of 3H-CsA were prepared using the following two methods, as 

illustrated in Figure 1.2. Group A standards consisted of blank blood, processed as 

described above and reconstituted with mobile phase containing the required concent

rations of unlabeled CsA, 3 H-CsA and the internal standard. Group B standards were 

prepared by spiking blood with the required amounts of unlabeled and tritiated CsA, 

while the internal standard was added with the mobile phase used to reconstitute the 

dried residue prior to injection. The recovery of unlabeled CsA was assessed by 

comparing the drug-to-internal standard peak height ratios of group B to those of group 
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A. 1}1e recovery of tritiated CsA was determined by comparing the counts of the 

fraction corresponding to pure CsA in group B to those obtained with group A. 

C. Monoclonal Radioimmunoassay: 

Blood samples containing measurable concentrations of CsA, as determined by 

HPLC, were also analyzed by monoclonal radioimmunoassay. Samples containing 

more than 1000 ng/ml were appropriately diluted. The RIA kit (Sandimmune Kit) 

was provided by the Sandoz Corporation (East Hanover, NJ) and was used according 

to the manufacturer's instructions. Buffer A was prepared by dissolving the provided 

Buffer salts in 500 ml water and 1.5 ml of the provided Tween solution. Buffer B 

consisted of Buffer A with 10% drug-free plasma. Charcoal suspension was prepared 

by diluting the concentrate provided with 60 ml Buffer A and 0.7 ml plasma. CsA 

tracer,0.16 IlCi/ml, specific antibody solution, quality control samples, 100 and 400 

ng/ml were also prepared. CsA standards, 25, 50, 100,200,400,800 and 1600 ng/ml 

in whole blood were prepared using the same stock solutions used for the HPLC assay. 

Standards, controls and samples were all treated in the same way. One hundred 

microliters of blood were added to 900 III of methanol in a 1.5 ml plastic centrifuge 

tube. The tube was capped, vortexed for 10 seconds and centrifuged for 10 minutes 

at 1500 x g. Fifty microliters of the methanolic supernate was transferred into a 12x75 

mm borosilicate glass tube. To this solution was added 100 III of the tracer and 500 JLl 

Buffer B. In the total radioactivity (TA) tube 1050 III buffer B were added, while 550 

JLI were added for nonspecific binding (NSB). Fifty microliters of the antibody solution 
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were added to all tubes except TA and NSB. The tubes were vortexed and incubated 

at 4°C for 16 hours. The tubes were then incubated in an ice bath for 15 minutes. Five 

hundred microliters of charcoal suspension, maintained at O-t'C in an ice bath and 

continuously stirred on a magnetic stir plate, were added to all tubes except T A. The 

tubes were vortexed, incubated in an ice bath for 15 minutes and centrifuged for 10 

minutes at 4°C in a refrigerated centrifuge. An aliquot of the supernate (0.9 ml) was 

transferred to a scintillation vial containing 10 ml scintillation fluid, vortexed and 

subjected to liquid scintillation counting for 5 minutes. 

Corrected disintegrations per minutes (dpm) were calculated for each sample 

as follows: 

B = dpm sample - dpm NSB 

The corrected dpm for each sample was divided by that of the zero standard (Eo). 

The logit1 of the B/Eo values of the CsA standards was plotted (ordinate) against the 

logarithm of CsA concentration in the standards (abscissa) in order to yield a straight 

line. CsA concentrations in the unknown samples were determined by referring to this 

standard curve. 

The correlation between CsA concentrations determined by HPLC and those 

measured by RIA was assessed by linear regression. 

1 logit x : = log (x / I-x) 
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Development of Cyclosporine Dosage Form: 

Several preliminary in vitro and in vivo studies were conducted in order to 

develop an oral dosage form for CsA. At first, the drug was dissolved in triacetin 

(glyceryl triacetate, Sigma, St. Louis, MO) at a concentration of 250 mg/ml with 2% 

polysorbate 80 and filled into soft gelatin capsules (Courtesy of RP Scherrer, 

Clearwater, FL) each containing 1 ml of the solution. 

Solid dispersions of CsA in polyethylene glycol 6000 (PEG 6000) were also 

tested. PEG was melted at about 6(fC in a porcelain dish placed on a hot plate. CsA 

was added and stirred into the melted mass. The melt was allowed to cool, ground, 

mixed with other diluents, such as lactose, microcrystalline cellulose (Avicel PH 102, 

FMC Corp., Rockland, ME), sodium dodecyl sulfate and colloidal silicon dioxide, and 

filled into hard gelatin capsules, each containing the equivalent of 100 mg CsA. Melts 

containing 15% and 20% of CsA were prepared using this method. 

A physical mixture of 20% CsA in PEG 6000 with 2% of sodium dodecyl sulfate 

and 2% of silicon dioxide was prepared. Ingredients were triturated with mortar and 

pestle without the application of heat. The mixture was filled into hard gelatin 

capsules, each containing the equivalent of 100 mg CsA. 

The formulas of the tablets prepared and tested for the present study are given 

in Table 1.3. For each formulation of capsule and tablet, a placebo was also prepared, 

containing all the ingredients except CsA. 
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In vitro testing of cyclosporine formulations: 

Disintegration and dissolution characteristics of the capsules and tablets were 

examined. For the capsules, the same apparatus was used for disintegration and 

dissolution testing. This apparatus was also used for testing the dissolution behavior 

of the tablets. Tablet disintegration was tested according to the USP XX specifications 

(USP XX, 1980). 

The dissolution apparatus consisted of a three-necked I-liter round-bottom 

flask, a water bath and a variable-speed motor set at 50 revolutions per minute (rpm). 

The dissolution medium was stirred by a 3-blade plastic propeller placed one inch 

from the bottom of the flask. The dissolution medium consisted of 0.01 % polysorbate 

80 in O.lN HCI and was maintained at 37 ± 1°C. One milliliter samples of the 

dissolution medium were obtained with a pipette fitted at its tip with a cotton wool 

plug. Samples were suitably diluted with water and injected into the chromatograph. 

CsA concentrations were determined by referring to a standard curve of peak heights 

of known concentrations of CsA 

The tablet disintegration test was carried out in a USP Basket Rack Assembly 

apparatus with and without disks. The test was performed at 3'"f Con 3 tablets of each 

formulation in simulated gastric fluid, USP. 

Content uniformity of formula III tablets was assessed by measuring the drug 

content of 6 tablets as follows. Each tablet was allowed to disintegrate in 50 ml of 

water in a 250 mI measuring flask. Acetonitrile was added to volume and the solution 

stirred for 5 minutes on a magnetic stirrer. A standard was prepared in the same way, 
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substituting the tablet with accurately weighed amounts of all tablet ingredients. An 

aliquot of the resulting solution (100 1'1) was diluted to 10 ml with the mobile phase and 

injected into the chromatograph. The percentage of label in each tablet was calculated 

as follows: 

% of label = peak height (test) / peak height (standard) x 100 

Some formulations were tested in vivo. Triacetin capsules were tested in one 

dog against the commercial oil solution dispersed in milk and in two dogs against the 

commercial oil solution filled in soft gelatin capsules. Hard gelatin capsules containing 

the physical mixture of CsA and PEG, as well as tablet formulation III were tested in 

two dogs against the commercial solution filled in soft gelatin capsules. 

Pharmacokinetic Study of Cyclosporine in Dogs: 

Six healthy adult female greyhounds, weighing 24-30.5 kg (mean 27.6 ± 2.1 kg), 

were used for the study. The animals were subjected to physical examination and 

received the required vaccination. Animals were fasted overnight and for 4 hours 

after dosing; free access to water was permitted at all times. On two separate 

occasions, and in a cross-over fashion, each dog received an oral dose of 400 mg CsA 

in the form of the commercial solution filled in 4 soft gelatin capsules, 100 mg each, 

and 4 formula III tablets, 100 mg each. The dog was made to swallow the tablets or 

capsules by placing them at the back of its tongue and rubbing on its throat. Each dog 

then drank 150 ml whole milk. At the same time that the oral dose was administered, 

each dog received an intravenous injection of 202.4 I'Ci of3 H -CsA in 5 ml saline over 
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a period of 30-40 seconds in an antecubital vein. The intravenous injection was 

prepared by diluting the ethanolic solution of3 H-CsA with 20 mI of normal saline. A 

washout period of at least one week was allowed between the two treatments. 

Blood samples, 5-7 mI, were drawn from a jugular vein through an indwelling, 

8-inch 14 G Teflon catheter. Samples were drawn before dosing and at 10,20,30 and 

45 minutes, and 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 12, 15, 24, 30 and 48 hours after drug 

administration. The catheter was removed after the 30-hour sample and the 48-hour 

sample drawn by venipuncture from an antecubital vein. Blood samples were collected 

in 7 -mI vacuum blood collection tubes (Venoject) containing disodium ethylenediamine 

tetraacetate (EDTA) as the anticoagulant and stored frozen until assayed. Samples 

were assayed by HPLC for unlabeled CsA; fractions were collected to measure the 

concentration of tritiated CsA as described above. 

Phannacokinetic Data Analysis: 

Concentration-time data obtained as a result of both oral and intravenous 

administration of CsA were analyzed by model-independent methods as well as by 

nonlinear least square fitting. 

For the model-independent or area analysis, standard pharmacokinetic calcu

lations were used (Gibaldi and Perrier, 1982). The following parameters were 

calculated: 

The area under the CsA concentration-time curve,A UC, was calculated for both 

oral and intravenous administration by the linear trapezoidal rule. The area from the 
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last point on the curve to infinity was calculated by dividing the last concentration, Clast' 

by the terminal disposition rate constant, which is the negative slope of the log-linear 

regression line of the terminal phase of the intravenous curve, B. 

Total body clearance, TEC, was obtained by dividing the intravenous dose by the 

AUClv' from zero to infinity, 

TEC = Dosf1v / AUC;v 

The area under the first moment of the concentration-time plot, AUMC, was 

calculated by the linear trapezoidal rule. The portion from the last data point to 

infinity was calculated as follows: 

AUMClast 00 = (Clast . ~as/B) + (Clast/B2) 

Mean residence time: 

MRT = AUMC;v / AUC;v 

The volume of distribution, Varea , was calculated as: 

~rea = TEC / B 

while the steady-state volume of distribution was calculates as: 

Vss = TEC . MRT 

The central volume of distribution, ~, was determined according to Khor et al. 

(1989) as follows: the rates of change of concentration during each sampling interval 

after intravenous administration were plotted against the mid-points of the 

corresponding time intervals. The area under the resulting rate curve, A URC, was 

determined by the trapezoidal rule, with extrapolation to infinity by dividing the last 
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point by the terminal slope of the intravenous concentration-time plot. ~ was 

calculated from: 

~ = Dosl1v / AURC 

The terminal disposition half-life: 

t1/2 = 0.693 / B 

Bioavailability of the oral dosage form, F, was calculated as: 

F= (AUCpo/AU~v) * (Dosl1v/ Dos~o) 

Mean absorption time: 

MAT = (AUMCpo /AUCpo) - MRT 

For the nonlinear curve fitting, the curve stripping / nonlinear curve fitting 

program, RSTRIP (RSTRIP, 1989), was used. Various models and weighting functions 

were tried and the best fit was determined by an F test (Boxenbaum et al. 1974). 

Absorption kinetics were studied by the Loo-Riegelman method, as modified 

by Wagner (1983), and by deconvolution using the point-area method (Vaughan and 

Dennis, 1978) and the DECONV program (Veng Pedersen, 1980). 

The significance of the difference in the various pharmacokinetic parameters 

between the two treatments, as well as between pooled observations of the two 

experiments by area-analysis and curve-fitting, was determined by a Wilcoxon Signed 

Rank Test for the equality of two medians with paired observations (Rosner, 1982). 
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Representative chromatograms of blank blood and blood from one of the dogs 

following CsA administration are presented in Figure 1.3. The retention times for 

CsC and CsA were 6.5 and 7.5 minutes, respectively. 

Figure 1.4 shows the radioactivity of the four fractions collected during the 

HPLC assay. The third of the collected fractions is collectively referred to as CsA 

"metabolites". This fraction corresponded with the retention times of at least three 

CsA metabolites which we have been able to obtain from Sandoz Corporation (Basel, 

Switzerland), namely, M1, M17 and M21. Figure 1.5 illustrates the relationship 

between the radioactivity of the fraction corresponding to CsA (fraction 4) and the total 

radioactivity before injection into the chromatograph. The slope of the resulting 

straight line was 0.85 and was used as an estimate of the purity of3 H-CsA. This factor 

was used to correct the administered dose of 3 H-CsA. Therefore, the administered 

dose of pure CsA per dog was 238.1 x 0.85 = 202.4 J,4Ci. 

The analytical recoveries of unlabeled and tritiated CsAare presented in Table 

1.4. Figure 1.6 shows the relationship between drug:internal standard peak height 

ratio with and without extraction. Figure 1.7 illustrates the relationship of radioactivity 

of fraction 4 before and after extraction. Both plots yield straight lines with identical 

slopes of 0.80 and r values were 0.996 and 0.998 for unlabeled and tritiated CsA, 
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respectively. The slope was used as an estimate of recovery of CsA and was used to 

correct for the amount of tritiated drug recovered in fraction 4. No such correction was 

necessary for unlabeled CsA since standards were prepared and used to determine CsA 

concentrations. The correlation between percentage of 3 H-CsA recovered and the 

concentration of unlabeled CsA yielded a straight line with a slope of 0.003, which was 

not significantly different from zero (F test, Rosner, 1982). Therefore, the recovery of 

3 H -CsA is considered to be independent of the concentration of unlabeled CsA (Table 

1.4). 

Table 1.5 shows the reproducibility of the HPLC assay used for measuring 

unlabeled CsA in blood. The coefficients of variation for within day measurements 

were 12.4, 5.9 and 2.9% for CsA concentrations of 80, 150 and 800 ng/mI, respective

ly. The corresponding day-to-day values were 8.5, 10.1 and 5.1 %. Reproducibility was 

also assessed by evaluating the slopes of the standard curves generated for 6 sample 

runs; the average slope was 0.00146 with a standard deviation of 0.00006 and a 

coefficient of variation of 4.1 %. 

The relationship between CsA concentrations measured by the monoclonal RIA 

kit and those measured by HPLC in 145 dog blood samples is illustrated in Figure 1.8. 

The agreement between the two methods was generally good, except for a few samples. 

The slope of the regression line was 1.03 and the correlation coefficient, r, 0.951. 
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Preliminary Evaluation of Cyclosporine Oral Formulations: 

The results of the in vitro testing of the CsA formulations are summarized in 

Table 1.6. Even though the placebo triacetin capsule dissolved completely in 35 

minutes, the behavior of the formulation containing the drug was very different. Part 

of the triacetin went into solution, leaving behind a sticky, translucent mass; no CsA 

could be detected in solution for 22 hours. The presence of CsA in the PEG melts 

also significantly altered the behavior of the carrier. Capsules containing PEG 6000 

alone, previously melted, congealed and pulverized, disintegrated in 15 minutes. With 

15 or 20% of CsA in the melt, the powder remained unwetted and a floating powder 

mass, assuming the shape of the capsule, did not disintegrate for up to 3 hours, after 

which the experiment was stopped. On the other hand, when CsA was triturated with 

PEG 6000 without melting, disintegration was achieved in 15 minutes. 

Placebo formula I and II tablets disintegrated in 7 minutes. Again, tablets with 

CsA did not disintegrate for up to 30 minutes; the inside of the tablets remained 

unwetted. Formula III tablets, containing the highest amount of mannitol but no PEG 

6000, disintegrated completely in 6 minutes when discs were not used; with discs, the 

disintegration time was 3 minutes. 

One formula III tablet was tested for in vitro dissolution (Figure 1.9). After 60 

minutes, the extent of dissolution was 77% of the amount dissolved at time infinity. 

Dissolution after 30 minutes of vigorous stirring (~300 rpm) was taken as time infini ty. 

The results of the in vivo testing of the triacetin formulation are shown in 

Figures 1.10 and 1.11. All three dogs showed measurable, though variable, CsA blood 
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concentrations following the administration of the commercial formulation, either 

dispersed in milk (dog I) or filled in capsules and given with water (dog II) or milk (dog 

III, Figure 1.11). Only dog I, however, showed measurable CsA concentrations 

following the administration of triacetin capsules (Figure 1.11). Figures 1.12 and 1.13 

show the behavior of the commercial capsules, hard gelatin capsules containing 20% 

CsA/PEG 6000 trituration and tablets in dogs II and III, respectively. The tablets 

produced CsA blood concentrations higher than those obtained following the 

commercial formulation in both dogs. The hard gelatin capsules, gave rise to CsA con

centrations lower than (dog II) or comparable to (dog III) those obtained following soft 

gelatin capsules. The meanAUCs for the soft capsules, hard capsules and tablets in the 

two dogs were 21381, 14655 and 21020 ng.h/ml, respectively. 

Pharmacokinetics of Intravenous and Oral Cyclosporine: 

The content of the CsA tablets was proven to be uniform; the 6 tablets tested 

showed 102.6% ± 3.6% of the intended content. 

The concentration-time profiles of 3 H-CsA in the six dogs after intravenous 

administration in both experiments are shown in Figure 1.14. Concentration-time 

data after both intravenous and oral dosing are listed in Appendix A. A bi-exponential 

equation with a weighting factor of 1/'12 was found to fit the intravenous data best, as 

determined by visual inspection and by an F test (Boxenbaum et al., 1974). The 

pharmacokinetic parameters derived from these profiles by area-analysis and nonlinear 

curve fitting are presented in Tables 1.7 and 1.8, respectively. Statistical testing of the 
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various parameters is presented in Table 1.9. The total body clearance, TBe, of CsA 

was 0.328 ± 0.061 and 0.337 ± 0.0621/h/kg for experiment 1 and 2, respectively; the 

corresponding curve-fitting values were 0.346 ± 0.062 and 0.359 ± 0.07 l/h/kg. The 

terminal slope of CsA concentration-time profile was 0.0835 ± 0.0229 h-1 for 

experiment 1 and 0.0898 ± 0.0459 for experiment 2 by linear least square analysis and 

0.0810 ± 0.0141 h-1 and 0.1004 ± 0.0491 h-1 by nonlinear curve-fitting. Terminal 

disposition half-life ranged from 5.53 to 11.23 h for experiment 1 and 3.80 to 10.60 h 

for experiment 2 with harmonic means and pseudo-standard deviations (Lam et al., 

1985) of 8.30 ± 2.41 and 7.72 ± 4.74 h, respectively. The corresponding values obtained 

by curve-fitting were 8.56 ± 1.53 and 6.90 ± 3.98 h. Mean residence times, MRT, for 

experiments 1 and 2 were 9.75 ± 4.42 and 9.27 ± 7.83 h, respectively. MRTvalues of 

9.86 ± 3.59 and 9.15 ± 5.00 were obtained by curve-fitting. The apparent volume of 

distribution, ~rea' was 4.09 ± 0.97 and 4.11 ± 0.991/kg by area-analysis for experiments 

1 and 2, respectively. The corresponding curve-fitting values were 4.32 ± 0.79 and 3.93 

± 1.05 1/kg. Steady-state volume of distribution, Vss ' was 3.46 ± 0.93 l/kg for 

experiment 1 and 3.58 ± 1.00 l/kg for experiment 2 by area-analysis. Values of 3.60 ± 

0.84 and 3.56 ± 0.88 1/kg were obtained by curve fitting. The central volume of 

distribution, ~, obtained by area-analysis was 1.58 ± 0.55 and 1.33 ± 0.25 l/kg for 

experiments 1 and 2, respectively. The corresponding curve-fitting values were 1.97 ± 

0.69 and 1.83 ± 0.70 l/kg. 

There was no statistically significant difference in any of the parameters 

determined in experiments 1 and 2, either by curve-fitting or area-analysis. However, 
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significantly greater TBCs and ~s were obtained by curve-fitting than those calculated 

from area-".nalysis (Table 1.9). 

Figure 1.15 shows two examples of blood concentration-time profile of various 

forms of radioactivity after intravenous administration of3 H-CsA. A complete set of 

figures illustrating such profiles in all animals is to be found in Appendix B. The 

fraction corresponding to CsA metabolites showed an increase in radioactivity to a 

maximum followed by a decline. All three forms of radioactivity declined with the 

same slope, which is the terminal slope of the concentration-time profile of pure CsA. 

In dog 77B, experiment 2, there was an obvious increase in total radioactivity after 1.5 

h followed by a decline. 

Figure 1.16 illustrates CsA blood concentration-time profiles in the six dogs 

following administration of the commercial CsA oral solution filled in soft gelatin 

capsules and formula III tablets. Pharmacokinetic parameters derived from oral data 

are presented in Table 1.10. In one of the dogs (37-B) the capsules gave much higher 

CsA concentrations than did the tablets, with values ofbioavailability, F, of 59.3% and 

29.8%, respectively. Shortly after this dog had received the tablets, the venous catheter 

inserted into its jugular vein was accidentally detached from the needle and flowed with 

the blood stream. For the rest of the experimental day, the dog looked malaise and 

remained inactive. Dog 37-C, on the other hand, exhibited higher CsA bioavailability 

from the tablets (45.9%) than from the capsules (30.6%). Dog 398 was the only animal 

to show two peaks in the CsA blood concentration-time profile. The first peak 

occurred at 1.5 hour, followed by a decline and a plateau that continued for 6 hours, 
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and then another peak was observed. Shortly after this dog was given the tablets, it 

was injured by a sharp piece of metal protruding from the cage fence. After receiving 

topical treatment, the dog remained inactive for most of the rest of the day. The 

average maximum CsA blood concentration, Cmax ' was 1685 ± 524 ng/ml for the 

capsules and 1493 ± 363 ng/ml for the tablets. Time to reach the peak, (max' was 2.63 

± 1.29 (range 1.5-5.0 h)and 3.32 ± 2.56 h (range 1.5-6.0 h) for the capsules and the 

tablets, respectively. Mean absorption time,MAT, was 2.76 ± 2.67 and 2.96 ± 2.33 h for 

the capsules and the tablets, respectively. Mean CsA bioavailability from the capsules 

was 46.0% ± 11.1%. The corresponding value for the tablets was 45.4% ± 9.9%. None 

of the parameters calculated from the oral data differed significantly between the tablet 

and the capsules (Table 1.10). 

Profiles of the fraction of dose absorbed as a function of time in two dogs, as 

determined by the Loo-Riegelman method, the DECONV deconvolution program 

and point-area deconvolution, are shown in Figure 1.17. The profiles vary from total 

agreement (dog 37-B, capsules) to severe discrepancy (dog 57-D, capsules) among 

methods. Profiles with varying degrees of agreement were obtained for the other 4 

dogs (not shown). No attempt was made to take this analysis any further because of the 

discrepancy among methods. 
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The present assay for CsA in blood is sensitive and reproducible, with a 

minimum limit of detection of about 30 ng/ml in the original sample. The standard 

curve was linear up to at least 2000 ng/ml. The assay was originally performed on 1 

ml of blood. However, in order to be able to administer lower doses of the expensive 

tritiated drug and still obtain measurable radioactivity in the final solution, the volume 

of blood was increased to 2 ml. EDT A was chosen as the anticoagulant because of the 

reported high variability in CsA concentrations determined in heparin-treated 

compared to EDTA-treated blood (Prasad et al., 1985). Solvent extraction was 

preferred to the less labor-intensive solid phase extraction because of the reported 

higher variability and late-eluting peaks associated with the latter technique (Shaw et 

al., 1987). 

The use of CsC as the internal standard in this assay rather than the more 

commonly used CsD provided the advantage of a shorter run time. Using the present 

system, CsD elutes in about 9 minutes. When a large number of samples are to be 

assayed, the time and cost saved by using CsC, 1.5 minute per sample, may be 

substantial. With fraction collection, however, we did not benefit from this advantage 

because we had to wait for 9.2 minutes until the fourth fraction was collected. 
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The concentrations of tritiated and unlabeled CsA in the samples used for the 

recovery experiment were chosen such that they mimicked, as closely as possible, the 

concentrations encountered in the dog samples following dosing (Table 1.4). This 

experimental design was aimed at investigating the potential dependence of the 

recovery of3 H -CsA on the concentration of unlabeled CsA. The data obtained showed 

no such dependence since the slope of the line describing the correlation between 

percentage of 3 H-CsA recovered and unlabeled CsA concentration was not signifi

cantly different from zero. The recovery of both the labeled and unlabeled CsA was 

virtually identical, both being about 80% (Figures 1.6, 1.7). Ideally, a tritiated analog 

of CsA that could be collected in a fraction different from that containing CsA, e.g., 

CsC or CsD, should be used as an internal standard for the 3 H -CsA, in which case the 

ratio ofradioactivity of drug to internal standard, rather than absolute CsA radioacti

vity, would be used for quantification. Since no such analog was available, the absolute 

radioactivity of the drug in the samples was used, correcting for the fraction lost during 

extraction. This loss was shown to be constant over the entire concentration range used 

in the study (Table 1.4, Figure 1.7). 

The reproducibility of the present assay was generally good, as can be seen from 

the coefficients of variation (%CV) in Table 1.5. Another means to check the 

reproducibility of an assay is to examine the variability of the slope of the standard 

curve. For six standard curves generated on six different days, the coefficient of 

variation of the slope was 4.1 %. 
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We are not aware of any report correlating HPLC to monoclonal RIA in 

measuring CsA concentrations in dog blood. Good agreement was obtained between 

CsA concentrations determined by the two methods (Figure 1.8). However, some 

samples were underestimated and others overestimated by RIA. Therefore, if RIA is 

chosen to measure CsA concentrations in kinetic studies, samples should be assayed 

in replicates. It should be noted that no correction was necessary for the concentra

tions of 3H-CsA originally present in the samples, since such concentrations were 

negligible relative to the concentrations of CsA tracer added during the assay. The 

highest concentration of 3H-CsA attained in the blood samples was about 12,000 

d.p.m./ml. After dilution in the RIA procedure, the amount of methanolic extract 

subjected to the assay is equivalent to 5 1'1 of the original blood sample, therefore the 

maximum amount of 3H-CsA due to the original sample is 60 d.p.m. This amount 

could be neglected since at the early stages where this maximum interference is 

present, the total counts for the RIA are in excess of3000 d.p.m. Some samples needed 

to be diluted to lie in the middle portion of the log-logit standard curve. A standard 

solution of 1600 ng/ml was diluted twice and the concentration determined by the RIA 

procedure. The measured concentration was 805 ng/ml. 

Preliminary Evaluation of Cyclosporine Oral Formulations: 

The present study aimed at correcting two major shortcomings of the currently 

available CsA oral dosage form. First, poor and erratic absorption of the drug, 

resulting in highly variable and unpredictable bioavailability, and second is the 
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objectionable taste and poor palatability of the olive oil solution. A drug may exhibit 

poor bioavailability due to inherent inability to cross membranes, poor release from its 

dosage form or high gastrointestinal or hepatic first-pass elimination. The observation 

that absolute bioavailability of up to 89% has been reported for CsA (Ptachcinski et al., 

1985b) makes the first explanation unlikely. The low-to-intermediate hepatic 

extraction ratio (Venkataramananet at., 1985c) rules out hepatic first-pass elimination 

as the main reason for poor bioavailability. There is some evidence of gastrointestinal 

first-pass elimination in dogs (Gridelli et al., 1986); further work needs to be done to 

verify this phenomenon. It seemed reasonable to assume that poor and highly variable 

CsA bioavailability may be due to poor release from its oil solution dosage form. 

One possible explanation for poor absorption appeared to be that the highly 

lipophilic drug partitions poorly out of the oil solution into the gastrointestinal fluids. 

Therefore, the variability in absorption might result, at least in part, from variation 

among individuals in the rate at which the oil is digested. 

The first approach we took to tackle this problem was by using a water-miscible 

liquid carrier in which CsA is highly soluble. Work done in our department showed 

CsA solubility in triacetin (glyceryl triacetate) to be 590 mg/ml, compared to 182 

mg/ml in PEG 400 (SH Yalkowsky, unpublished observations). Triacetin is partially 

water-soluble (1:15) and easily digested by esterases. The aim of using triacetin was 

to achieve in situ formation of finely divided CsA particles in the gastrointestinal fluids 

which will rapidly go into solution and be absorbed. Polysorbate 80 was included in the 

formulation to improve the dispersion of such particles, and the solution was filled in 
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soft gelatin capsules to improve palatability. The results of the in vitro and in vivo 

testing of this formulation were contrary to our expectations. In vitro (Table 1.6), no 

detectable CsA release was obtained for up to 22 hours, and the sticky mass left behind 

appeared to have been the product of some interaction between CsA and triacetin. 

This mass was soluble in organic solvents and, when mixed vigorously with water, 

triacetin dissolved leaving CsA particles suspended. Only one dog showed measurable 

CsA blood concentrations after taking this formulation (Figure 1.11). 

We subsequently attempted the approach of solid dispersion. CsA/PEG 6000 

melts containing 15% and 20% of the former were prepared, filled into hard gelatin 

capsules and tested in vitro (Table 1.6). Placebo capsules disintegrated rapidly. 

However, the inclusion of CsA in the melt made the mixture too hydrophobic to 

disintegrate in a reasonable time. This effect of CsA on the wettability of PEG 6000 

took place only when the mixture was prepared by heating. When the two ingredients 

were triturated, the mixture was readily wetted and the capsules disintegrated in 15 

minutes (Table 1.6). It appears that the more intimately CsA was mixed with PEG 

6000, the more the former imparted its hydrophobic nature on the mixture. 

The removal of PEG 6000 from the tablet formulation and its replacement with 

mannitol had a major impact on the properties of the tablets. Whereas tablets with 

no mannitol or with 100 mg mannitol and 150 mg PEG 6000 failed the disintegration 

test, tablets with 250 mg mannitol exhibited excellent disintegration and dissolution 

properties (Table 1.6, Figure 1.9). Apparently, it took 250 mg of a very hydrophilic 

material such as mannitol to overcome the hydrophobic properties of 100 mg CsA. 
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The tablets with high mannitol content were also harder and glossier than those which 

contained less mannitol. 

After trying oral administration of the olive oil solution dispersed in milk in one 

dog, we decided to fill this solution into soft gelatin capsules and administer it to the 

dogs. The taste of the solution was so objectionable to the dog that it attempted to 

vomit and its mouth needed to be held shut for a few seconds to prevent this from 

happening. In addition, literature reports have shown almost identicalAUCs following 

the soft gelatin capsules to those obtained following the oral solution. (Cavanak and 

Sucker, 1986; Nashan et al. 1988; Zehnder et al., 1988). It seemed reasonable, 

therefore, to use the capsules instead of the solution. The administration of the 

capsules or tablets with water was difficult; the dogs had to be forced to drink water by 

a syringe, which made the dogs resist and attempt to vomit. Since milk did not seem 

to influence CsA absorption in the preliminary study, Figure 1.10, the dogs drank 150 

ml of milk after swallowing the capsules or tablets. 

In the preliminary study in dogs, the tablets gave rise to higher CsA blood con

centrations than did the hard gelatin capsules and the commercial dosage form (Figures 

1.12, 1.13). This result, with the added advantage of ease of manufacture of tablets 

compared to capsules, made us choose tablets as the final formulations to be tested 

against the commercial dosage form in more animals. 
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Pharmacokinetics of Intravenous and Oral Cyclosporine: 

Greyhounds were used in this study for logistic reasons, being more readily 

available to the Division of Animal Resources than any other breed of dogs. Female 

dogs were chosen because of their smaller size, thus permitting the use of smaller 

doses of 3H-CsA in order to get reasonable blood levels of radioactivity. This was 

particularly important because of the high cost and the difficulty to obtain the 

radioactive material. 

The approach of simultaneous administration of a drug orally and intravenously 

has been used for the determination of bioavailability in recent years. The technique 

involves the administration of two isotopic forms of the same drug. One of the forms 

is incorporated into the test formulation, while the other is given as a standard, either 

as an oral solution or intravenous injection. Both stable isotopes (Heck et al., 1979; 

Hatch et al., 1986; Burm et aL, 1987) and radioisotopes (Lima et al., 1984) have been 

employed in this technique. 

The simultaneous oral and intravenous administration of drugs in 

pharmacokinetic studies eliminates the need to make an assumption that has always 

been regarded as an imperfection in studies designed otherwise, the assumption of 

time-invariance. As the name implies, time-invariance assumes that a system (input

response pair) does not change as a function of time. Therefore, a dose given to an 

individual on different occasions should always give rise to the same response each 

time. In the vast majority of pharmacokinetic studies, time-invariance is assumed, 

though seldom verified. However, with the accumulation of more information about 
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factors which potentially influence drug kinetics, such an assumption has become more 

and more questionable. If this is true for any drug, it is especially applicable for CsA, 

for which time-dependence of absorption, distribution and/ or elimination has been the 

subject of a great deal of controversy. Our experimental design permits us to 

determine unequivocally whether differences inAUC after oral administration are due 

to differences in absorption, distribution or elimination. It also helps test for time

invariance of CsA kinetics in dogs during short-term experiments involving occasional 

dosing. 

Due to the scarcity of definitive information on the pharmacokinetics of CsA in 

dogs, it is difficult to compare our results with conclusive literature values. One 

noticeable feature of the pharmacokinetic parameters determined from our study is 

the absence of the large individual variability commonly associated with CsA kinetics. 

The total body clearance obtained in our study, 0.328 and 0.337ljh/kg for experiments 

1 and 2, respectively (Table 1.7) is somewhat lower than the value of 0.43 ljh/kg 

obtained by Gridelli et aL (1986). Based on an estimated hepatic blood flow of 1.85 

ljh/kg in conscious dogs (Nxamulo et a/., 1978), and assuming hepatic 

biotransformation is the major route of elimination, the classification of CsA as a low

clearance drug could be confirmed. 

Terminal disposition half-lives, 8.30 and 7.72 h for experiments 1 and 2, 

respectively (Table 1.7) fall in the range of most literature values. Buice et al. (1985b) 

reported a much longer half life, 48.0 h, which defies explanation. As mentioned 

previously, the unusually long half-life may reflect some toxic effect of CsA due to the 
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high dose administered. The volume terms, ~rea and Vss' determined in the present 

study are much smaller than those determined by Buice et al. (1985b), Table 1.2. The 

much higher values obtained by those authors are obviously a result of their analyzing 

plasma and not blood. The preferential distribution of CsA into RBCs and lower con

centration in plasma are responsible for the difference. The central volume of 

distribution, ~, determined in the present study is greater than that determined by 

Buice et al. (1985b), but comparable to that reported by Gridelli et al. (1986). 

A nonparametric statistical test was used to compare the pharmacokinetic 

parameters obtained in experiments 1 and 2, namely, the Wilcoxon Signed Rank Test 

for the equality of two medians of paired observations. Nonparametric tests assume 

no particular shape of the distribution of the data points. The assumptions made are 

that distribution is continuous and symmetric and that the error terms in individual 

values are mutually independent. Because of the small sample size in the present 

study and the scarcity of information in the literature about the pharmacokinetic 

parameters of CsA in dogs, we could not substantiate the assumption of a particular 

distribution, e.g., normal, to our data. The mean and standard deviation presented for 

each parameter are strictly descriptive of the sample and no claim is made that these 

values estimate the large population of individuals. 

As seen in Table 1.9, none of the pharmacokinetic parameters determined 

showed statistically significant difference between experiments 1 and 2. This suggests 

that the time-dependent changes observed in CsA kinetics may be due to physiological 

changes of some sort resulting from prolonged exposure to the drug. Since no 
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significant difference was detected between experiments 1 and 2, the parameters from 

both experiments were pooled and the difference between area-analysis and curve

fitting was examined. In spite of the small differences in TBCs between the two 

methods, the difference was significant because TBCs calculated from fitting were 

always greater than those obtained from area-analysis. The central volume of distrib

ution, ~, calculated from fitting was significantly greater than that obtained from area 

analysis. 

Plots of total radioactivity and radioactivity in fraction 3 could give some idea 

about the kinetic behavior of esA and its metabolites. It is of interest to note the 

increase in total radioactivity that occurred after the initial decrease (Figure 1.15). 

This increase in concentration may have resulted from a smaller volume of distribution 

of the esA metabolites than that of the parent drug. Since fraction 3 included at least 

three of the numerous esA metabolites, we could not derive any pharmacokinetic para

meters for any given esA metabolites. We could, however, conclude from the equality 

of the slope of total radioactivity and fraction 3 radioactivity to that of3 H -esA, Figure 

1.15, that esA metabolites are not retained in the body longer than the parent drug. 

The major objective of the present study was to attempt an improvement over 

the currently available olive oil solution dosage form of esA. The major problems 

associated with this preparation are the erratic absorption, objectionable taste and 

difficulty of measurement for visually-impaired patients. Another potential problem 

may ensue in the future when the drug is made available to developing countries for 

the treatment of parasitic infections such as malaria and schistosomiasis. These two 
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diseases affect roughly one billion people, a large proportion of whom are Muslims. 

In Islamic Law, the ban on the intake of alcohol is strict, unless absolutely necessary. 

Therefore, producing an alcohol-free CsA formulation will facilitate the future 

marketing of this drug in such areas. 

Generally, the capsules gave rise to more rapid onset of absorption and earlier 

peak blood concentrations than did the tablets (Figure 1.16); the differences in tmax 

and MAT, however, were not statistically significant (Table 1.10). There was no 

significant difference in bioavaiiabiIity between the tablets and the capsules (Table 

1.10). The problems which occurred on the experimental days with dogs 37B and 398 

not only provide a possible explanation for the difference in behavior of these two dogs 

from other dogs, but they also drew our attention to another factor potentially 

influencing CsA pharmacokinetics, namely, activity and posture. We are not aware of 

any report that addresses the differences in CsA kinetics between supine and 

ambulatory subjects. This is an important factor to be studied since CsA treatment is 

usually initiated during hospitalization and is continued after the patient leaves the 

hospital. 

The only study that reports absolute bioavailability in dogs is the one by Gridelli 

et al. (1986) in which they obtained a mean fraction absorbed of 20%, with a range of 

10 to 31 %. We obtained higher values for the commercial preparation, 46.3% ± 10.8%; 

range 30.6 to 59.3%. 

We attempted to obtain some insight into the kinetics of CsA absorption from 

capsules and tablets by estimating the percentage of the dose absorbed as a function 
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of time, using three methods. The discrepancy among the three methods used was 

surprising. We have not been able to correlate any property of the various data sets 

to the degree of agreement among the three methods. Further investigation using 

simulated data with various noise levels and data point spacing is necessary to 

determine where each method is, and is not, usable. 

In conclusion, the results of the present study indicate that during the time 

between the two experiments, 8-13 days, there was no change in the pharmacokinetics 

of CsA in the dogs. Therefore, experiments in normal dogs involving separate, 

occasional oral and intravenous administration over short periods of time should be 

considered acceptable. For studies with longer duration, involving more frequent CsA 

administration, or performed in subject populations where time-invariance has not 

been verified, simultaneous oral and intravenous administration is recommended. If 

this is not possible, two intravenous experiments should be performed, one at the 

beginning and one at the end of the study to verify time-invariance of the 

pharmacokinetic parameters within the subjects. 

We have not been able to improve the oral bioavailability of CsA. However, 

we have prepared a formulation that is much more palatable than the current olive 

oil solution, an advantage that would be very much appreciated by those who have to 

take the drug chronically. Provided bioequivalence can be shown in human subjects, 

our preparation may prove superior to Sandoz's improvement over the existing dosage 

form, namely, the soft gelatin capsules. Directly compressible tablets are much easier 

to manufacture than capsules, and they do not suffer from the after-taste of olive oil 
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that may be experienced in some patients after swallowing the capsules. Furthermore, 

preparations containing no alcohol are more easily marketed in Muslim countries. 

Future Work: 

The results of the present study have prompted the initiation of several other 

studies. It would be interesting to continue studies with the proposed formulation and 

administer it to normal human subjects and various patient populations. The tablets 

provide a potential substitute for the current oil solution as well as for the soft gelatin 

capsules. 

The question of time-dependence of CsA pharmacokinetics is yet to be resolved. 

We strongly believe that the technique used in this study, simultaneous oral and intra

venous administration, is the most powerful technique to use for testing whether CsA 

absorption, distribution and/or elimination change with time. For example, a patient 

receiving a daily oral dose of CsA may be given a weekly intravenous tracer dose of 

radiolabeled CsA for a few weeks. The results of such experiments will determine 

whether CsA kinetics are time-dependent. 

The same technique could be used to investigate dose-dependence of CsA 

kinetics, an issue that has not yet been resolved. Human or animal subjects may be 

given various oral doses of CsA along with tracer doses of 3H-CsA to answer the 

question of dose-dependence of absorption. 

A study is currently being contemplated to examine the validity of the various 

techniques for determining fraction absorbed with time. The study involves several 
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simulated data sets with different input functions, noise levels and data point spacing. 

We will investigate reasons for the observed discrepancy among methods, and 

determine the conditions which may favor the use of a certain technique or preclude 

the use of another. 



Table 1.1: HPLC Assays to Quantify Cyclosporine in Biological Fluids 

Reference Sarrple Preparation Colum/ Mode of Mobile phase/ Internal 
matrix conditions analysis flow rate, standard 

ml/min 

N i ederberger Plasma Ether Li chrosorb RP-8 Gradient Acetonitrile/water/ CsO 
~ (1980) Urine extraction n"C methanol (20/60/20) 

to (75/5/20)/ 
1.5 

Sawchuck and Plasma Ether Supelcosil LC-18 Isocratic Acetoni tri le/water CsO 
Cartier (1981) Blood extraction 75"C (68.5/31.5)/ 

1.4 

Shihabi Blood Sol id phase Zorbax Cyano Isocratic Acetonitrile/water CsO 
et al (1985) extraction 56·C (45/55)/ 1.3 

(C18 colum) 

Moyer Blood Solid phase Supelcosil LC-l Isocratic Acetonitrile/water/ CsO 
et al (1986) extraction 60·C methanol (1/1/1)/ 

(C18, sil ica) 1.5 

Annesley Blood t-butyl-methyl Astec microbore Isocratic Acetonitri le/water/ CsO 
~ (1986) ether extrac- C8, 70·C methanol (52/29/19)/ 

tion 0.25 

Hamilton Blood Protein Ultrapore RPSC/ Colum Acetonitri l/water/ CsO, 
et al (1985) precipitation Ul trasphere ODS Switching TFA (42.4/57.6/ dihydro-

with aceto- 60"C 0.0015)/ 1.0 CsC 
nitrile 

Giesbrecht Blood Solid phase Supelcosi l LC-18 Isocratic Acetonitri le/phos- CsO 
~ (1989) extraction 75"C phate buffer pH2.5 

(C18, silica) (77/23)/ 0.6 

Mininun 
detection 
limit, 
ng/ml 

25 

25 

50 

25 

3 

10 

15 

Run time, 
min 

30 

10 

14 

6 

12 

10 

10 

0\ 
\0 



Table1.2: Pharmacokinetics of Cyclosporine in Dogs' 

Reference Animals Dose Sartple Assay C .. , 
mg/kg matrix method ng/ml 

Buice Mongrels 20 Plasma HPlC 412·1735 
et al (1985a) 5 normal oral (room 

t"",,) 

Buice Mongrels 20 Plasma HPlC 
et al (1985b) 5 normal IV (room 

t"",,) 

lIassef Mongrels 25 Blood RIA 
et al (1985) Intestinal graft oral 

5 normal 1683 (154) 
5 intestinal 37 (36) 

resection 
4 autotransplant 687 (348) 
10 allotransplant Stable: 

1005 (328) 
Rejecting: 
368 (31) 

2 autotransplant 1355 (310) 1 wk 
01 ive oi I given 2215 (5) 4 wk 

5 thoracic duct Blood, 147 (25) blood 
diversion I yrtph 1759 (615) lyrtph 

Kaki zaki 4 normal 20 plasma RIA 2609 (1604) 
et al (1988) 5 pancreatec' oral (room 927 (402) 

tomized t"",,) 

t ... , TBC V t ./2 AUC 
h l/h/kg l/kg hr IIg/ml.hr 

1,2.5 4.63 (5.6) 

0.49 (0.31) V,,: 48.0 (29.4)59.6 (42.3) 
10.8 (5.3) harmonic 

Varra: mean: 
26.5 (9.9) 38.3 

Vc: 
0.4 (0.2) 

6 
6 

6 

6 

6 
6 
6 
6 
6 

18.0 (3.0) 

3.0 (2.2) 14.68 (13.72) 
3.6 (1.6) 9.18 (6.48) 

-...J 
o 



Table 1.2: Continued 

Reference 

\/hi te 
et al (1986) 

Ven1cataramanan 
et al (1986) 

Grant 
et al (1987) 

Gridell i 
et al (1986) 

Animals Dose 
mg/kg 

4 normal 20 
5 pancreatectomized oral 

2 normal 

3 pancreatectomized 

4 Mongrels 
a) before and 
b) after bi Ie 

diversion 

Mongrels 

9 Mongrels 

16 
IV 

20 
oral 

15 
oral 

17.5 
oral, 

5 IV 
(4 received 

both) 

011 Means (S.D.) are reported whenever possible 

Sarrple Assay C ... 
matrix method ng/ml 

Serun RIA 4399 (1956) 
(room 1352 (H9) 
terrp) 

Blood HPLC 
Bile 1235 (325) 

273 (88) 

Serun RIA 1293 (278) 
Blood RIA 2476 (313) 
Serun HPLC 875 (192) 

Blood: HPLC 
portal RIA 
hepatic 
systemic 

t ... lBC 
h l/h/kg 

4.4 (5.9) 
4.8 (3.4) 

V 
l/kg 

tin 
hr 

AUC 
j1g/ml.hr 

14.7 (5.3) 
11.3 (3.8) 

0.22 (0.06) V,,: 17.5 (5.7) 10.7 <7.1) 
2.19 (1.1) 

V.f~a: 
5.1 (0.7) 

0.98 (0.05) V,,: 12.7 (2.7) 3.8 (0.7) 

3.0 
4.5 

4.3 (0.8) 
4.2 (0.8) 
4.0 (0.8) 

3.7 (0.6) 
Var~a: 

HPLC V,: 
0.43 (0.05) HPLC 

RIA 1.65 (0.2) 
0.26 (0.02) RIA 

1.48 (0.3) 

IV: 

6.2 
6.9 

11.3 
13.1 
12.6 

HPLC 
8.54 

RIA 
16.2 

Oral: 
HPLC 

6.8 
RIA 

9.1 

IV: 

12.68 (2.39) 
3.35 (0.76) 

8.2 (1.9) 
28.5 (4.3) 
5.0 (1.3) 

HPLC 
14.3 (2.5) 

RIA 
21.9 (2.3) 

Oral: 
HPLC 

12.5 (1.7) 
RIA 

28.3 (4.7) 

HPLC 
0.2 

(0.10·0.31) 
RIA 

0.27 
(0.22·0.33) 

-J ..... 



Table 1.3: Tablet Formulations of Cyclosporine 

Formula I CsA 
PEG 6000 
Avicel PH102 
Stearic acid 
Sodium dodecyl sulfate 

Formul a II CsA 
PEG 6000 
Mannitol 
Avicel PH 102 
Stearic acid 
Sodium dodecyl sulfate 

Formula III CsA 
Mannitol 
Avicel PH 102 
Stearic acid 
Sodium dodecyl sulfate 

100 mg 
150 mg 
300 mg 

20 mg 
10 mg 

100 mg 
150 mg 
100 mg 
200 mg 

20 mg 
10 mg 

100 mg 
250 mg 
200 1i1g 

20 mg 
10 mg 
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Table 1.4: Analytical Recovery of Tritiated and Unlabeled 
Cyclosporine from Dog flood. 

" 

Sample Cone. of Conc.of % Recovered" % Recovered b 

No. 3H-CsA Unlabeled CsA 3H-CsA Unlabeled 
dpm/ml ng/ml CsA 

1 8662 62.5 84.9 78.5 
2 8926 62.5 79.3 80.4 
3 4524 125 90.0 82.1 
4 4404 125 82.7 76.8 
5 648 250 87.5 71.9 
6 584 250 73.1 77 .1 
7 1164 500 81.7 91.9 
8 1222 500 77.9 73.6 
9 2164 1000 79.4 89.3 
10 2164 1000 71.8 82.1 
11 4434 2000 81.2 77 .4 
12 4296 2000 75.0 85.1 

d.p.m. in fraction 4 after extraction 
% recovered = ---------------------------------------- x 100 

d.p.m. in fraction 4 before extraction 

CsA/CsC peak height ratio after extraction 
b % recovered = ----------------------------------------------- x 100 

CsA/CsC peak height ratio before extraction 



Table 1.5: Validation of Cyclosporine Assay in Whole Blood 

Observed concentration 
ng/ml 

74 

Actual cone. 
ng/ml Within day (n = 10) Day-to-day (n = 4) 

80.0 

150.0 

800.0 

Mean 

85.22 

146.95 

854.39 

% Differ-
encea %CVb 

6.5 12.4 

-2.0 5.9 

6.8 2.9 

% Differ-
Mean ence 

95.7 19.6 

168.8 12.5 

812.1 1.5 

Observed cone. - Calculated cone. 
a % Difference = x 100 

Calculated cone. 

Standard Deviation 
b Coefficient of variation = x 100 

Mean 

%CV 

8.5 

10.1 

5.1 



Table 1.6: In Vitro Evaluation of Various Cyclosporine Formulations 

Preparation 

Triacetin capsules 
placebo: 

with CsA: 

15% melt in PEG 
6000 in capsule 

placebo 

with CsA 

20% melt in PEG 
6000 in capsule 

20% physical mixture 
in PEG 6000 

placebo 

with CsA 

Formula I Tablets 
placebo 

with CsA 

Formula II Tablets 

Formula III Tablets 
placebo 

with CsA 

Behavior 

Caspule shell opened in 2 minutes 
Complete dissolution in 35 minutes 

Caspule shell opened in 2 minutes 
Triacetin phase converted into a 

white translucent mass 
No measurable CsA up to 22 hours 
Residue sticky 

Disintegrated in 15 minutes 

Capsule shell dissolved in 8 minutes 
Powder mass assumed the capsule shape 

~~~ fl~~ted fnr 3 ho~rs 

Same as the 15% melt 

Disintegrated in 15 minutes 

Disintegrated in 15 minutes 

Disintegrated in 7 minutes (USP test, 
simulated gastric fluid, no disc) 
& 1 minute (with disk) 

No disintegration up to 30 minutes 
with di sc 

Inside of tablets not wetted 

Placebo and with CsA, same as formula I 

Disintegrated in 3 minutes (with disc) 

Disintegrated in 6 minutes (no disc); 
77% dissolution in 60 minutes 

75 
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Table 1.7: Pharmacokinetic Parameters for Unchanged 3H-CsA in Dogs Obtained 
by Area-analysis Following an Intravenous Dose of 202.4 ~Ci. 

Dog Exp AUC TBC B tll2 MRT Volume,l/kg 
~ /I pCi.h/ml l/h/kg h-' h h V ... _ V .. V: 

37B 1 22870 0.316 0.0641 10.81 13.45 4.93 4.25 1. 93 
2 21052 0.343 0.0719 9.64 12.13 4.71 4.16 1. 26 

37C 1 18145 0.406 0.0813 8.53 10.24 4.99 4.16 2.52 
2 20963 0.351 0.0851 8.15 12.15 4.13 4.27 1.18 

398 1 27672 0.240 0.0821 8.44 11.84 2.92 2.84 1.35 
2 27885 0.238 0.0654 10.60 13.11 3.64 3.12 1. 25 

560 1 22908 0.368 0.0866 8.00 9.01 4.25 3.32 1.22 
2 26520 0.318 0.0655 10.58 12.00 4.86 3.82 1.34 

570 1 25063 0.283 0.0617 11.23 14.96 4.59 4.23 1.00 
2 20673 0.340 0.0686 10.10 12.72 . ,..-

~ .34 !."?~ t • .:."" 

77B 1 21106 0.355 0.1254 5.53 5.52 2.83 1. 96 1.47 
2 17413 0.430 0.1822 3.80 4.09 2.36 1. 76 1.15 

Mean 22961 0.328 0.0835 8.30' 9.75- 4.09 3.46 1. 58 
(S.D.) 3263 0.061 0.0229 2.41 4.42 0.97 0.93 0.55 

Mean 2 22418 0.337 0.0898 7.72" 9.27" 4.i.l 3.58 1.33 
(S.D. ) 3970 0.062 0.0459 4.74 7.83 ~j. 99 1.00 0.25 

• Harmonic mean and pseudo-standard deviation, calculated according 
to Lam et at (1985). 
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Table 1.8: Pharmacokinetic Parameters for Unchanged 3H-CsA in Dogs Obtained 
by Nonlinear Curve-Fitting Following an Intravenous Dose of 
202.4I'Ci. 

Dog Exp AUC TBC B t"2 MRT Volume. l/kg 
:j # pC 1. h/ml l/h/kg h-' h h V,r •• V .. Vc 

378 1 22160 0.326 0.0671 10.33 13.17 4.86 4.30 2.63 
2 20329 0.356 0.0780 8.89 11. 92 4.56 4.24 2.13 

37C 1 17780 0.422 0.0773 8.97 10.71 5.45 4.52 3.01 
2 18648 0.402 0.0988 7.02 9.29 4.07 3.73 2.13 

398 1 25204 0.263 0.0808 8.58 11.44 3.26 3.01 1.87 
2 26526 0.250 0.0831 8.34 11.60 3.01 2.90 1.04 

560 1 21763 0.387 0.0881 7.87 8.60 4.40 3.33 1. 92 
2 25410 0.332 0.0748 9.27 11.34 4.44 3.76 1. 73 

57!) 1. 242'4 0.293 0.0681 10.19 13.89 4.31 4.07 0.90 
? 19!HJl 0.357 0.0697 9.94 12.70 5.19 4.53 2.71 

778 1 19498 0.384 0.1049 6.61 6.12 3.66 2.35 1.58 
2 16372 0.458 0.1983 3.50 4.74 2.31 2.17 1.08 

-------------------.----.------._---------------------------------.----
Mean 21775 0.346 0.0810 8.56" 9.86" 4.32 3.60 1.97 
S.D. 2795 0.062 0.0141 1.53 3.59 0.79 0.84 0.69 

Mea~ 2 21198 0.359 0.1004 6.90" 9.15' 3.93 3.56 1.83 
5.0. 3959 0.070 0.0491 3.98 5.00 1.05 0.88 0.70 
-------------------------------------------------------.----------.----. Harmonic mean and pseudo-standard deviation, calculated according 

to Lam et at (1985). 
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Table 1.9: Median Pharmacokinetic Parameters of ~-CsA Obtained by 
Area-Analysis and Nonlinear Curve-Fitting Following an 
Intravenous Dose of 202.4 ~Ci to Six Dogs in Two Experiments. 

Area Curve Signifi cance • 
analysis fitting Experiment 

Para- Exp 1 vs 2 Area vs 
meter # fit 

Median Median Area Fit 

AUC, 1 22889 21962 NS NS p<0.02 
pCi . h/ml 2 21008 20115 

TBC 1 0.336 0.355 NS NS p<0.02 
l/h/kg 2 0.342 0.356 

5, 1 0.OA17 0.0845 NS 14S NS 
h -1 2 O.(.;rJ3 0.0306 

tl/2, 1 8.49 8.78 NS NS NS 
h 2 9.87 8.62 

MRT, 1 11.04 11.08 NS NS NS 
h 2 12.14 11.47 

Varea, 1 4.42 4.36 NS NS NS 
l/kg 2 4.42 4.26 

Vss, 1 J.74 3.70 NS NS NS 
l/kg 2 3.99 3.75 

Vc, 1 1.41 1.90 NS NS p<0.05 
l/kg 2 1.26 1.93 

Wilcoxon Signed Rank test for the equality of two medians 
of paired observations. NS, not significant. 
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Table 1.10: Pharmacokinetic Parameters of Cyclosporine in Dogs 
Following an Oral Dose of 400 mg as Soft Gelatin 
Capsules or Tablets. 

Dog # Dosage AUC C
irx tmhx MAT F 

Form ng.h/ml ng ml h 

37B Capsules 24679 1621 3.0 3.22 0.593 
Tablets 13455 965 3.0 1.44 0.298 

37C Capsules 10987 1151 2.0 1.13 0.306 
Tablets 19021 1674 5.0 1. 73 0.459 

398 Capsules 24234 1264 5.0 6.87 0.440 
Tablets 25385 1110 1.5 5.39 0.464 

560 Capsules 26415 2161 3.0 8.20 0.504 
Tablets 25856 1846 5.3 6.36 0.571 

57D Capsules 27448 1435 4.~ ., . '" 
~. 'c 0.~5d 

Tablets 22062 1638 6.0 t! .• ::li 0.540 

77B Capsules 15192 2480 1.5 3.32 0.364 
Tablets 13524 1726 4.0 5.48 0.393 

Mean Capsules 21493 1685 2.63a 2.76a 0.460 
S.D. 6744 524 1.29 2.67 0.111 
Median 24457 1520 3.00 3.27 0.472 

Mean Tablets 19884 1493 3.32a 2.96a 0.454 
S.D. 5535 363 2.!l6 2.33 0.099 
Median 20542 1656 4.50 4.88 0.462 

Significanceb NS NS NS NS NS 

a Harmaonic mean and pseudo-standard deviation, calculated 
according to Lam et al (198S). 

b Capsules vs. tablets, Wilcoxon Signed Rnak test for equality of 
two medians of paired observations at the 0.05 significance 
level; NS: not significant 



80 

R 1'c"t: 
II ~ 
c£ 
", .l 

H CH,u 
1 

CH~ CH~ HO CH, 
\ " , / r CH~ 
CH CH~ PH3 CH CH3 

tH, CH3 CH CH3 IP tH, CH3 
1 1 I I a 1 I 

CH -N-CH-CO-N--CH-C-N--CH-CO-N-CH -C- N- CH, 
l I " I" 1 

CH
3 

OC Hla ,UII 9 AAI f:i HJ 0 U) co 
I 1 : • 1 

R -C-CH2-CHAAt' N- R2 
'C~~ H _I Hoi 

C ~ ~ AAI •• 7 i •• ' II »1 ~ ••• 

OC-CH--N-CO-CI-i-N-C-CH -- N-C-CH-N -CO -CH 
I I : II I I I 1 
CHl H CH3 0 CH, CH~ ",CH C

1 
H, 

• • I ' : .................... : C CH~ CH~ C 
CHi'" 1 ... Oil CH( 1 ... CH:. 

R4 R3 

Compound R It R2 R3 R. 

Cyclosporine H CH3 CH3 H H 

MI OH CH3 CH3 H H 

M8 OH CH 20H CH] H :~ 

MIl H CH20H CH3 H Ii 

M2I H CH3 H H H 

Figure 1.1: Chemical structure of cyclosporine (CsA) and some of its metabolites. 



Sample preparation Reconstitute in mobile phase I p""d,,, • D,y mid" --~:~~~~::~~:.~~~---------
containing J H-CsA , CsA & CsC 

(Group A) 

Blank 
blood 

I 

Sample preparation 
Spike with JIIr Dry residue 

JH-CsA & CsA procedure 

Reconstitute in mobile phase 

cont·~i ni n9 CsC 
(5roup B) 

Compare: 

1_ Peak height ratios 
(CsA/CsC): 

Recovery of CsA 

2. Radioactivity in 
fraction 4: 
Recovery of JH-CsA 

Figure 1.2: Flow chart for sample preparation for determining the analytical recovery of 
lH-CsA and CsA. 
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Figure 1.3: Representative chromatograms obtained from the HPLC assay of 
blank blood (A) and blood from dog 37C, 13.3 h following oral dosing 
with 400 mg CsA (B). Estimated CsA concentration, 595 ng/mI. 
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1 2 3 4 

Fraction Number 

Percentage of total radioactivity in the fractions collected during the 
HPLC assay of a solution of 3H-CsA in the mobile phase. Fraction 
size: 3.45 ml collected over 2.3 minutes. Fraction 4 corresponds to 
pure 3H-CsA. 
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straight line is: y = 3.9 + 0.85 x; n = 29; r = 0.999. 
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Figure 1.10: CsA blood concentrations following an oral dose of 400 mg in the form 
of the commercial oil solution dispersed in milk (dog I), or filled in 
soft gelatin capsules and administered with water (dog II) or milk (dog 
III). 
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Figure 1.11: CsA blood concentrations following an oral dose of 400 mg as soft 
gelatin capsules containing a solution of CsA in triacetin in dogs I and 
Ill. Dog II did not show any measurable CsA concentrations. The 
dotted line represents the detection limit of the assay (50 ng/ml). 
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Figure 1.12: CsA blood concentrations in dog II following oral doses of 400 mg in 
the form of soft gelatin capsules filled with the commercial solution, 
20% CsA/PEG 6000 trituration in hard gelatin capsules and Formula 
III tablets. 
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Figure 1.16: CsA blood concentrations in six dogs following oral doses of 400 mg 
in the form of the commercial oil solution filled in soft gelatin capsules 
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Though far from being completely understood, the process of aging is known to 

involve changes in the physiology and anatomy of the human body that may alter the 

absorption, distribution, biotransformation and excretion of drugs. Since the successful 

use of many drugs is contingent upon maintaining blood levels within a certain con

centration range, the need to study the influence of age on drug disposition and 

consider such influence, if any, in designing dosing regimens seems reasonable. The 

following is an attempt to highlight some of the factors to be considered when 

prescribing medication for the elderly; for a comprehensive review on this subject, see 

Mayersohn (1986). 

The elderly, usually defined as people who are 65 or older, constitute about 12% 

of the U.S. population. Due to a higher incidence of disease and physiological 

disorders, the elderly are responsible for about 25% of the total national drug 

expenditure (Lamy, 1985). There is a growing interest in trying to understand better 

the impact of age on drug therapy; however, studies often suffer from major limitations 

which make it impossible to draw unequivocal conclusions. Poor experimental design, 

improper methods of data analysis, and lack of controls for many interacting variables 

such as gender, disease and concurrent administration of drugs, are examples of such 

limitations. 
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Influence of Age on Gastrointestinal Drug Absorption: 

Age-related changes in drug absorption are possible since a number of the 

physiologic factors which may influence drug absorption have been shown to change 

with age. These factors are: gastric pH, gastrointestinal (GI) fluid contents, gastric 

emptying rate, intestinal transit rate, GI blood flow, and GI mucosal surface area. 

Other age-related factors include: age-related changes in nutritional intake and eating 

habits, administration of drugs which can alter GI physiology or influence the 

absorption of other drugs and age-related GI disease. All the above factors should be 

considered along with the physicochemical properties of the drug and/or dosage form 

in question. For example, changes in gastric emptying rate may affect absorption from 

a solid dosage form more than from a liquid dosage form, as liquids are emptied more 

easily from the stomach. 

The incidence of achlorhydria has been shown to increase substantially from age 

20 to 79 (Vanzant et aL, 1932). Basal and histamine-induced gastric peak acid secretion 

have also been shown to decline with age (Baron, 1963). A decrease in gastric pH may 

result in a decrease in the dissolution rate of a weakly basic drug and, if absorption is 

dissolution-rate-limited, the net result may be a decrease in absorption. A study which 

compared the absorption of tetracycline from capsules versus solution, however, failed 

to support the above hypothesis (Kramer et al., 1978). 

The other mechanism through which gastric pH can influence drug absorption 

is by its effect on drug stability in the stomach. Achlorhydria may result in increased 

absorption of an acid-sensitive drug (e.g., erythromycin) by promoting its stability in 
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the stomach. On the other hand, a less acidic gastric fluid may impair the 

bioavailability of a drug that needs to be hydrolyzed before absorption. The latter 

effect was shown with clorazepate, a prodrug for N-desmethyldiazepam (Ochs et ai., 

1979). 

Another potential factor which may alter absorption in the elderly is the 

composition and total volume of the GI fluids; changes in enzyme and bile salt content 

are the most obvious. However, there appears to be little information about this factor. 

The small intestine provides an extensive surface area for absorption, which 

makes it the major site for absorption of acidic as well as basic drugs. It is, therefore, 

reasonable to think that factors which influence the passage of drug from the stomach 

to the small intestine, i.e., gastric emptying, may have an effect on the onset of 

absorption. This effect has been shown with acetaminophen (Heading et al., 1973). 

Literature reports show either a decrease (Evans et ai., 1981) or no change (Moore er 

ai., 1983) in gastric emptying rate with age. 

The reduction with age of GI muscle tone and motility may result in 

prolongation of intestinal transit time. This may permit more time for dissolution and 

absorption of the drug. However, reduced mixing motion of the intestine may result 

in slower dissolution, and possibly reduced absorption. The effect on absorption is the 

resultant of these two opposing factors. 

Although there appears to have been no direct measurement of GI blood flow 

as a function of age in humans, splanchnic blood flow has been shown to decrease with 

age (Sherlock et al., 1950). Reduction of GI blood flow may alter the absorption rate 
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of drugs with high membrane permeability coefficients, e.g, water, since for such 

compounds absorption appears to be perfusion-rate limited. A reduction in GI blood 

flow may also affect the absorption of compounds which undergo specialized transport, 

as a result of decreased delivery of oxygen and cofactors essential for the transport 

process. Changes in intrinsic hepatic enzyme activity should also be considered as a 

factor which may influence oral bioavailability of drugs which are subject to extensive 

first-pass metabolism by altering hepatic clearance. For example, the oral bioavail

ability of propranolol was greater in elderly hospitalized patients than in young subjects 

as a result of decreased first-pass elimination (Casdeden and George, 1979). However, 

other investigators failed to find such differences between healthy elderly and young 

subjects for metoprolol (Regardh et aL, 1983). This discrepancy suggests that disease, 

rather than age may have been the main factor in reducing hepatic clearance in the 

former study. 

Other factors should also be considered, such as changes in eating habits and 

nutritional status in the elderly, concurrent administration of drugs which may alter 

GI physiology or cause drug-drug interactions, and the presence of age related disease 

which may affect drug absorption. 

Influence of Age on Drug Distribution: 

Aging may influence drug distribution through changes in plasma protein 

binding, body composition, blood flow to various body regions, tissue binding and body 

fluid pH. 
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Although total plasma protein concentration does not appear to change 

significantly with age, there is a decrease in plasma albumin concentration with age 

(Greenblatt, 1979). For most drugs which exhibit appreciable plasma protein binding, 

albumin is the main binding protein. Literature reports indicate an increase (Adir et 

al., 1982) or no change (Greenblatt et aL, 1984) in the unbound fraction. On the other 

hand, the concentration of ~ -acid glycoprotein, which is the major binding protein for 

several basic drugs, was found to increase in elderly subjects. Consequently, a decrease 

in unbound fraction of some basic drugs, e.g., lidocaine has been reported (Davis et al., 

1980). The net result of altered plasma protein binding on drug disposition depends 

on the properties of the drug itself, especially its volume of distribution and clearance. 

Changes in tissue binding are another factor to be considered, though one which 

is more complex to study. A 65% increase in steady-state volume of distribution of 

vancomycin in the elderly has been attributed to altered tissue binding (Cutler et al., 

1984). 

Changes in body composition which accompany aging may have an impact on 

drug distribution. Shock et al. (1963) have shown that there was virtually no change in 

total, extracellular or intracellular water. In contrast, Greenblatt et al. (1982), with 

fewer subjects, found a decrease in the volume of distribution of antipyrine, a com

pound used for estimating total body water. It has also been found that the ratio of 

fat/lean masses of the body significantly increases with age (Novak, 1972). The 

influence of this change on drug distribution depends on the physicochemical 

properties of the drug, particularly its lipid/water partition coefficient. A decrease in 
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the volume of distribution of drugs which are more water soluble, e.g., ethanol, has 

been reported (Vestal et aL, 1977); while thiopental, a highly fat-soluble drug, showed 

an increase in the volume of distribution with age (Jung et al., 1982). 

Cardiac output and cardiac index have been reported to decrease significantly 

'with age (Bender, 1965). The decrease in blood flow is not uniform throughout the 

body. For example, blood flow to the kidneys and liver decrease more readily than 

does cerebral blood flow. Rodeheffer et al. (1984), however, found no age-related 

changes in cardiac output in a study involving 61 healthy subjects with ages ranging 

from 25 to 79 years. 

Influence of Age on Drug Biotransformation: 

Two major problems face anyone who tries to assess the influence of age, or any 

other variable, on hepatic metabolism. First, there is no index that can be used to 

indicate quantitatively the metabolic function of the liver. Second, hepatic metabolism 

is governed by so many factors that it becomes extremely difficult to discern the 

influence of one factor while keeping others constant. 

In the absence of an index whereby the metabolizing capacity of the liver can 

be measured, it is very difficult to assess differences in this parameter as a function of 

age. However, determination of antipyrine (phenazone) clearance or half-life has 

become a routine test which provides some information about the phase I metabolizing 

capacity of the liver. Antipyrine is completely absorbed when administered orally as 

an aqueous solution in normal subjects. It is extensively (95%) metabolized by the liver 
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mixed-function oxidases with low clearance (less than 2% of the hepatic blood flow), 

distributes into total body water and has negligible plasma protein binding (Brodie and 

Axelrod, 1950). Differences in antipyrine clearance among subjects are, therefore, 

believed to reflect differences in the intrinsic drug biotransforming capacity of the liver. 

Antipyrine clearance has been shown to decrease with age in a large number of 

patients, though variability is quite high (Vestal et al., 1975). 

Liver blood flow decreases with age, as indicated by a reduction in indocyanine 

green clearance, assuming that hepatic extraction ratio remains constant (Wood et aI., 

1979). This decrease is expected to result in a reduction with age in the clearance of 

drugs with high hepatic extraction ratios. 

Furthermore, liver size and volume, whether as absolute values or adjusted to 

body weight or surface area, decrease with age (Prittiaho et al., 1978; Thompson and 

Williams, 1965; Swift et aI., 1978, Bach et al., 1981). A negative correlation between 

antipyrine half-life and liver weight in young and elderly subjects (Prittiaho et at, 1978), 

and a positive correlation between liver volume and clearance of both antipyrine and 

phenytoin was also found (Bach et aI., 1981). Both drugs have low hepatic extraction 

ratios and are completely metabolized. 

Influence of Age on Renal Excretion of Drugs: 

Decline of renal function is one of the most consistent, best understood changes 

that accompany aging. Parameters such as creatinine clearance, inulin clearance, renal 

blood or plasma flow rates are used as indices of renal function. It is interesting to note 
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that, when expressed as percentage of the value at 20-29 years of age, several of these 

factors exhibit superimposable decline patterns (Mayersohn, 1986). This phenomenon 

has been referred to as the "intact nephron" concept (Davies and Shock, 1950). 

The renal clearance of creatinine, an endogenous compound that is easily 

measured in biological fluids, is by far the easiest and most commonly used method 

for determining glomerular filtration rate. Methods to correct the dosage for patients 

with compromised renal function due to age or other factors are available for drugs 

that are mainly excreted unchanged (Welling and Craig, 1976; Gibson, 1985). 

Influence of Age on Salicylate Pharmacokinetics: 

The influence of age on the pharmacokinetics of salicylate has been investigated 

in a number of studies (Salem and Stevenson, 1977; Cuny et al., 1979; Montgomery 

and Sitar, 1981; Roberts et al., 1983; Netter et aL, 1985; Ho et al., 1985; Montgomery 

et al., 1986; Greenblatt et aL, 1986). These studies are summarized in Table 1. The 

interest in studying the influence of age on salicylate kinetics reflects, in addition to 

the general interest in geriatric pharmacokinetics discussed above, the extensive use 

of salicylate by the elderly. It is estimated that one out of four elderly people suffers 

from arthritis or rheumatism and is, therefore, a candidate for chronic salicylate 

therapy (Moore, 1981). 

The successful use of salicylate as an antiinflammatory agent is contingent upon 

maintaining blood concentrations within a narrow range (Levy, 1979). Therefore, the 
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assessment of the influence of age on salicylate disposition may prove to be helpful in 

adjusting dosing regimens for elderly patients. 

After oral administration, absorption of salicylate occurs rapidly by passive 

diffusion of unionized lipophilic molecules of salicylic acid (SA) from the stomach. 

Extensive absorption occurs from the small intestine by virtue of its large surface area. 

Salicylate distributes extensively in body fluids. Protein binding of salicylate varies with 

plasma concentration and is about 90% at low therapeutic concentrations (Borga et al., 

1975; Ekstrand et ai., 1979). 

Salicylic acid is partly excreted unchanged and partly metabolized (Williams, 

1959). Unchanged SA is excreted by glomerular filtration as well as by active tubular 

secretion. A small fraction of SA is metabolized by oxidation into gentisic acid (GA, 

2,5-dihydroxybenzoic acid). Phase II metabolism of SA yields various conjugates. 

Conjugation with glycine gives rise to salicyluric acid (SUA, o-hydroxyhippuric acid) 

and with glucuronic acid, salicyl phenolic glucuronide (SPG) where conjugation takes 

place at the phenolic hydroxy group, and salicyl acyl glucuronide (SAG), where the 

bond is formed at the carboxylic group of SA. Small amounts of gentisuric acid are 

formed by conjugation of GA with glycine or by oxidation of SUA (Wilson et al., 1978). 

The formation of SUA and SPG is capacity-limited at therapeutic dose levels (Tsuchiya 

and Levy, 1972). 

Some controversy is evident among literature reports dealing with the influence 

of age on salicylate kinetics in adults. Salem and Stevenson (1977) examined aspirin 

absorption in young healthy volunteers and elderly in-patients. They observed a signi-
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ficantly higher area under the SA plasma concentration-time curves in the elderly 

group, and attributed that to an increase in absorption. Cuny et al. (1979) investigated 

salicylate kinetics in elderly and young hospitalized male patients and found larger 

Varea and reduced total clearance in the elderly group. Montgomery and Sitar (1981) 

examined serum concentrations of GA and SUA in patients receiving chronic aspirin 

therapy and found significantly higher concentrations of both metabolites in patients 

who were older than 60 years. Roberts et aL (1983), using hospitalized subjects, 

reported greater Varea , lower peak plasma concentration and higher plasma concentr

ation of SA after 12 hours in elderly subjects but no significant difference was found in 

the other parameters tested. Netter et al. (1985), in their study of hospitalized patients 

of both sexes, found a weak positive correlation between the area under the unbound 

SA concentration-time profile and age. They also found an increase in the unbound 

fraction of SA with age which was attributed to a decrease in serum albumin concentr

ation in the older subjects. Ho et al. (1985) reported lower values of SA and SUA renal 

clearance in elderly patients compared to those in young patients. All other parameters 

were not significantly different between the two groups. Using healthy subjects in their 

study, Montgomery et al. (1986) found no age-related differences in SA kinetics except 

for an increase in Varea with age in males. SUA renal clearance was found to decrease 

significantly with age. Greenblatt et al. (1986) investigated the kinetics of intravenous 

and oral aspirin in healthy young and elderly subjects of both sexes. They reported 

lower clearance of SA, higher unbound fraction and smaller unbound volume of 

distribution in elderly females compared to young females. In males, higher free 
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fraction of SA, lower unbound clearance and smaller unbound volume of distribution 

were found in the elderly compared to the young group. 

It is possible that, in addition to age, chronic illness and hospitalization are 

reflected in the results of some of the above studies (Cunyet aL, 1979; Montgomery 

and Sitar, 1981; Roberts et aL, 1983; Netteretal., 1985; HoetaL, 1985). Smokingmay 

have also affected the results of some of the above studies. Subjects in the study done 

by Greenblatt et aL (1986) were smokers; the authors reported the average number of 

cigarettes smoked by every group of subjects. Netter et al. (1985) and Montgomery et 

al. (1986) used both smokers and nonsmokers. In all of the other studies, except that 

by Ho et al. (1985), smoking habit of the subjects was not specified. 

Another factor that limits the validity of the results of some reports is the 

assumption of complete gastrointestinal absorption (Cuny et aL, 1979; Netter et al., 

1985), or even an equal total body clearance in both young and old subjects (Salem 

and Stevenson, 1977). 

In the present study, the pharmacokinetics of salicylate were investigated in a 

relatively large number of subjects covering a wide range of ages. In designing this 

study, we tried to eliminate some of the variables that are often included in the design 

of studies dealing with pharmacokinetics in the elderly. 
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The HPLC assay used in the present study was based on that reported by Cham 

et aL (1979). To 2001'1 of plasma were added 5 pg of the internal standard, o-anisic 

acid (o-methoxy benzoic acid, Sigma Cemicals, St. Louis, MO) in 20 pI water, and 200 

pI acetonitrile. Samples were vortex-mixed and centrifuged at 1500 x g for 15 minutes 

and 20 pI of the supernate injected into the chromatograph. 

Urine was diluted, usually 2.5 times, with water. Diluted urine (200 pI) was 

mixed with 200 pI pH 6.8 phosphate buffer (0.15 M) and 40 pg of the internal standard 

in 200 pI acetonitrile. Mter centrifugation at 1500 x g for 10 minutes, 20 pI of the 

supernate was injected into the chromatograph. This procedure measures unconj

ugated SA and SUA. Total SA was determined after incubating the urine with 500 

units of the enzyme B-glucuronidase (Sigma) in 200 pI pH 6.8 phosphate buffer for lO

IS hours at 3'f C in order to hydrolyze the salicyl glucuronides. The amount of enzyme 

and incubation time were determined by incubating urine at 3'f C with 100,500 or 1000 

units for 2, 4, 10 and 24 hours. 

Plasma standards were prepared by spiking blank plasma with stock solution of 

SA and SUA so as to produce concentrations of 0.50-100.00 pg/ml of SA and 0.10-

20.00 pg/ml of SUA. There was no appreciable difference between standards pre-
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pared in blank urine and standards prepared in water and, therefore, water was used 

to prepare standards for the assay of SA and SUA in urine. The concentration ranges 

used for the aqueous standards were 1.00-200.00 ~g/ml for SA and 10.00-2000.00 ~g/ml 

for SUA 

The chromatographic system used consisted of a single piston pump (model 

1l0B, Beckman Instruments, Inc., Fullerton, CA), sample injector with a 20-~1100p 

(model 210, Beckman Instruments Inc.), guard column, 5 cm x 4.6 mm Ld., filled with 

~8-coated pellicular silica particles (Alltech, Deerfield, IL), ~8 column (Altex 

Ultrasphere ODS, 25 cm x 4.6 mm Ld., 5 ~m particle size), fixed wavelength detector 

with a mercury lamp and 313 nm filter (model 160 Beckman) and an integrator (model 

3390A, Hewlett Packard). 

The mobile phase consisted of27% acetonitrile and 2% acetic acid in water and 

was pumped at a rate of 1.5 ml/min. Quantification was achieved using the ratios of 

peak heights of SA and SUA to that of the internal standard. Concentrations were 

determined by referring to a standard curve generated on the same day. 

Recovery of SA and SUA from plasma was assessed by comparing calibration 

curves generated from plasma standards to those generated from standard solutions 

of the same concentrations prepared in water. 

Within-run and day-to-day reproducibility of the analytical method were 

assessed by analyzing frozen plasma spiked with the following concentrations: 8.00, 

40.00 and 80.00 ~g/ml of SA and 0.80, 4.00 and 8.00 ~g/ml of SUA Water spiked with 
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15.00, 75.00 and 150.00 pg/ml of SA and 150.00, 750.00 and 1500.00 pg/ml of SUA was 

used to assess the precision of the urine assay. 

Analysis of creatinine in plasma and urine: 

Creatinine was determined in plasma and urine by the HPLC method of Achari 

et al. (1983). Plasma was deproteinated by ultrafiltration. Two hundred microliters 

of plasma were placed in the reservoir of an ultrafiltration unit fitted with a type YMT 

membrane (Amicon Corporation, Danvers, MA) and centrifuged for 10 minutes at 

2,000 x g. An aliquot of urine collected over 24 hours was diluted 50 times with water. 

Twenty microliters of deproteinated plasma or diluted urine were injected into 

the same chromatographic system used for SA and SUA assay, except that the detector 

was equipped with a 254 nm filter. The mobile phase consisted of a 98:2 v /v mixture 

of 0.05M sodium acetate (pH 6.5) and acetonitrile, and was pumped at 1.0 ml/min. 

Quantification was achieved by comparing peak heights to those obtained from spiked 

plasma or urine, after correcting for the peak height of creatinine in the blanks. For 

the standard curves, blanks were spiked with methanolic solution of creatinine so as to 

produce concentrations of 5.00-20.00 and 200.00-4000.00 pg/ml for plasma and urine, 

respectively. 

Pharmacokinetics of Salicylate in Human Subjects: 

Twenty two healthy, nonsmoking male subjects, 30 to 85 years of age, gave 

informed consent to participate in this study. A copy of the consent form can be found 
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in Appendix C. Complete physical examination and routine clinical laboratory tests 

were carried out and medical history obtained to assess health status. Subjects were 

taking no regular medication and avoided salicylate for at least 3 days prior to the 

study. 

After an overnight fast, subjects were given an oral dose of 600 mg sodium 

salicylate (equivalent to 517.5 mg SA) dissolved in 150 ml water followed by a rinse. 

Movement was not restricted and food was allowed 2 hours after dosing. 

Blood samples were drawn from a forearm vein through an indwelling catheter 

into a heparinized vacuum blood collection tube before and at 10, 15, 30 and 45 

minutes and 1, 1.5, 3, 5, 7, 9, 10 and 24 hours after dosing. Plasma wru; separated by 

centrifugation and stored frozen until assayed. Urine was collected over the following 

intervals after dosing: 0-1, 1-2,2-4,4-6,6-8,8-10, 10-24 and 24-48 hours. Urine was also 

stored frozen until analyzed. 

Pharrnacokinetic Data Analysis: 

Model-independent methods were used to analyze plasma and urine data 

(Gibaldi and Perrier, 1982). Systemic availability was assessed by measuring the 

urinary recovery of SA, SUA and salicyl glucuronides expressed as percentage of the 

total dose administered. The area under the SA plasma concnetration-time curve 

until the last data point was calculated with the trapezoidal rule. The area from the 

last point to infinity was obtained by dividing the last concentration by the slope of the 
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terminal log-linear portion of the curve. Apparent oral clearance was calculated for 

SA as follows: 

C/o = Dose / AUC 

where AUC is the area, from zero to infinity, under the plasma concentration-time 

curve. The apparent volume of distribution, Varea, was calculated as: 

Varea = CI / B 

where B is the terminal disposition rate constant. Renal clearance, C/R, was calculated 

for unconjugated SA as follows: 

C/R = Xuoo / AUC 

where Xu 00 is the total amount excreted in urine in 48 hours. 

For SUA, renal clearance was obtained from the relationship: 

C/R = (f).}{u/At)/Cmid 

Where f).}{./ At is the excretion rate of SUA, and Cmid is the plasma concentration of 

SUA at the midpoint of the urine collection interval; f).}{./ At was plotted against Cmid 

, and C/R was obtained from the slope of the resulting straight line. 

In most subjects, plasma SA concentration-time profiles showed a distinct 

distributive phase which made the calculation of values for peak concentration, Cmax' 

and time to peak impossible. Cmax was taken directly from the plot of each subject. 

The correlation of the pharmacokinetic parameters calculated with age was tested by 

linear regression. The significance of the difference of the slope of the regression line 

from zero was evaluated by an F-test (Rosner, 1982). 

Creatinine clearance was calculated from the relationship: 



113 

Clcr = (t::.X/tlt) / Ccr 

where tlX/ tlt is the average urinary excretion rate over 24 hours and Ccr is the plasma 

concentration of creatinine. 
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Representative chromatograms of blank plasma and a sample from one of the 

subjects are shown in Figure 2.1. Chromatograms for urine samples are shown in 

Figure 2.2. The retention times for SUA, internal standard and SA were 4.5, 5.5 and 

9.5 minutes, respectively. The reproducibility of the assay method for plasma and 

urine is shown in Tables 2.2 and 2.3, respectively. The lower limit of detection of both 

SA and SUA was 0.1 J.'g/ml in the initial sample. The standard curves for both SA and 

SUA were linear up to 2000 J.'g/ml. Recovery of SA and SUA from the deproteinized 

plasma was essentially complete, as calibration curves generated from plasma and 

water standards were identical. 

Analysis of Creatinine in Plasma and Urine: 

Figure 2.3 shows typical chromatograms obtained for creatinine determination 

in plasma and urine. 

Pharmacokinetics of Salicylate in Human Subjects: 

Table 2.4 presents the age, body weight, plasma albumin concentration together 

with creatinine plasma concentration, urinary creatinine excretion rate and creatinine 
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clearance in the 22 subjects who participated in the study. Subjects had concentrations 

of creatinine in plasma water ranging from 7.07 to 12.65 ~g/ml, with an average of 9.35 

~g/ml and a standard deviation of 1.46 ~g/ml. Creatinine clearance ranged from 58.8 

to 168.8 ml/min, with a mean of 101.1 ml/min and a standard deviation of28.8 ml/min. 

A significant correlation (p < 0.025) was found between creatinine clearance and age 

(Table 2.4, Figure 2.4). Creatinine plasma concentration and urinary excretion rate 

showed no significant correlation with age; p values were> 0.1 and> 0.05, respectively. 

Plasma albumin concentrations also decreased significantly with age (p < 0.005) (Table 

2.4). 

Plasma concentration-time profiles of SA and SUA in the 22 subjects are 

presented in Figure 2.5. Concentration-time data for individual subjects are to be 

found in Appendix D. The appearance of SA in the plasma of all subjects was rapid; 

peak concentrations were generally reached in 10-30 minutes (Figure 2.5). Most sub

jects showed a distinct distributive phase, followed by a mono-exponential decline. No 

convexity was observed in any of the subjects' curves, indicating that the saturable 

biotransformation routes were probably not saturated at the concentrations achieved. 

In 14 subjects, no measurable SA concentrations were found at 24 hours. 

SUA concentrations, on the other hand, rose slowly and reached a plateau, and 

then declined slowly (Figure 2.5). It appears that in most subjects, the terminal phase 

of the SUA concentration time profile started no earlier than 7 hours after dosing. In 

19 subjects no measurable SUA concentrations were found at 24 hours. 
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The urinary recovery of the administered dose of salicylate was essentially 

complete; the average percentage of the dose recovered in 48 hours is 94.7 ± 7.8% 

(Table 2.5, Figure 2.6). Most of the administered dose, 79.8 ± 6.9%, was excreted as 

SUA The contribution of unchanged SA to total urinary excretion was small and 

highly variable (4.92 ± 3.72%, Table 2.5). Salicyl glucuronides constituted an average 

of 9.97% (± 3.23%) of the administered dose. Neither the total percentage of dose 

recovered nor the relative contribution of the various chemical species excreted correl

ated significantly with age (Table 2.5, Figure 2.6). 

The peak plasma concentration of SA, Cmax ' ranged from 41.6 to 81.1Ilg/ml 

and decreased significantly with age (p<0.05, Table 2.6, Figure 2.7). The apparent 

volume of distribution, Varea , for SA ranged from 7.01 to 13.95 liters and increased 

significantly with age (p < 0.05, Table 2.6, Figure 2.8). Even after normalization to 

body weight, Varea still increased with age (p < 0.05, Table 2.6; Figure 2.9). This volume 

term also correlated significantly (p < 0.05) with plasma albumin concentration. 

However, there was no statistical significance when the volume was normalized to body 

weight (Table 2.6). Varea also correlated significantly (p < 0.001) with body weight 

(Table 2.6, Figure 2.10). 

The renal clearance of SA was low and highly variable (1.44 ± 1.03 ml/min) 

compared to its oral clearance (28.6 ± 6.0 ml/min; Table 2.6). Neither parameter 

showed significant correlation with age (Table 2.6, Figures 2.11, 2.12). The terminal 

rate constant, E, of the SA concentration-time profile was 0.193 ± 0.038 h-1 and did 

not change with age (Table 2.6, Figure 2.13). The terminal half-life of SA ranged from 
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2.52 to S.18 h, with a harmonic mean of 3.S8 h and pseudo-standard deviation of 0.743 

h (Lam et aI., 1985). 

The maximum plasma concentration of SUA was 2.6 ± 0.7 and it increased 

significantly with age (p<O.OS, Table 2.7, Figure 2.14). SUA excretion in urine 

accounted for about 80 percent of the administered dose (Table 2.S). The renal 

clearance of this metabolite decreased significantly with age (p<O.OOl, Table 2.7; 

Figure 2.1S) and also showed a significant positive correlation with creatinine clearance 

(p<O.OS, Table 2.7 Figure 2.16). 
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Several methods are available for analyzing SA and one or more of its 

metabolites. These include colorimetry (Trinder, 1954), spectrofluorometry (Graham 

and Rowland, 1972), thin-layer chromatography (Cummings and King, 1966) and gas 

chromatography (Tischio, 1976). Several HPLC methods have been developed which 

provide better selectivity than colorimetry and fluorometry. Simplicity is the major 

advantage of HPLC assays over GC methods which require chemical derivatization. 

Several HPLC methods, however, require solvent extraction before sample injection 

(Bekersk-y et al., 1977; Peng et aL, 1978; Amick and Mason, 1979; Buskin et al., 1982; 

Bakar and Niazi, 1983; Ingalls et al., 1983). A few methods have also been developed 

which require only protein precipitation before injection. Cham et al. (1979) and 

Montgomery and Sitar (1981) used acetonitrile as the deproteinizing agent and a 

detector wavelength of 313 nm. At such a long wavelength the background noise is 

minimal, however, aspirin could not be detected because of lack of absorbance at this 

wavelength. Rumble et al. (1981), on the other hand, used perchloric acid as the de

proteinizing agent and 237 nm as the detection wavelength. This method permits 

determination of aspirin, however, endogenous peaks interfere with GA and SUA 

peaks. In our preliminary experiments, it was found that 276 nm was optimal for 

aspirin but the detector response to GA was very low, whereas at 313, the response to 
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GA was at least 20-fold higher, while aspirin was not detected. The detector response 

to SUA and SA at 313 nm was 2 and 3-fold higher than at 276 nm, respectively. It is 

surprising, therefore, that Montgomery et al. (1986) described their method of analysis, 

which uses 313 nm detection, as being capable of measuring aspirin; yet they did not 

give any aspirin data in that publication. 

Since we decided to use sodium salicylate rather than aspirin in our study, we 

could use a wavelength of 313 nm, thus taking advantage of a cleaner baseline and 

greater detector response to the eluted peaks. 'fhe method we used is, in principle, 

similar to that of Montgomery and Sitar (1981) and Cham et al. (1979). 

When solvent or solid-phase extraction is involved in the assay procedure, 

analytical recovery should be assessed by comparing peak height (or area) ratio of 

drug to internal standard when the drug is added at the beginning of the assay to the 

ratio when the drug is added just before injection. However, in the present assay where 

no extraction is involved, the only possibility for losing drug or internal standard is by 

entrapment into the precipitated protein mass. Therefore, recovery was assessed by 

comparing absolute peak heights and peak height ratios between standards prepared 

in plasma and standards prepared in water. Standards prepared in both fluids were 

identical and the resulting calibration curves were identical. Thus, the recovery of SA 

and SUA from deproteinized plasma was considered to be complete. 

The current assay is sensitive and reproducible, as evident from the low 

detection limit and coefficients of variation, respectively (Tables 2.2, 2.3). Complete 
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recovery as well as low percent difference between nominal and measured concentra

tion also suggest that the assay is accurate. 

Phannacokinetics of Salicylate in Human Subjects: 

The present study involved the investigation of the pharmacokinetics of orally 

administered salicylate as a function of age in a relatively large number of healthy, 

nonsmoking male subjects. The subjects studied covered a wide range of age, 30-85 

years, with 3-5 subjects in each decade. Rather than clustering our subjects into a 

"young" and an "old" group, age was treated as a continuous independent variable. In 

the clustered design, a subject may be designated as "young" or "old" based on a clas

sification that is made only for convenience, and which represents no real distinction 

between the two groups. The continuous-variable design that we adopted represents 

better the gradual nature of the aging process (Mayersohn, 1986). 

We tried in our design to eliminate some of the variables that are often included 

in the design of studies dealing with kinetics in the elderly. All our subjects were 

healthy, thus ruling out the potential variability caused by disease and hospitalization 

which may have influenced the results of earlier reports (Salem and Stevenson, 1977; 

Cunyet aL, 1979; Montgomery and Sitar, 1981; Roberts et al., 1983; Netter et al., 1985; 

Ho et al., 1985). 

All subjects were nonsmokers in order to avoid any potential influence of 

smoking on SA kinetics. In earlier reports, only Ho et aL (1983) specified that their 

subjects were nonsmokers. Subjects in the study of Greenblatt et aL (1986) were 
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smokers; the authors reported the average number of cigarettes smoked by every group 

of subjects. Netter et aL (1985) and Montgomery et aL (1986) used both smokers and 

nonsmokers. In all of the other studies, smoking habit of the subjects was not specified. 

Smoking is known to influence the biotransformation of some drugs. Cigarette smoking 

has been reported to increase the clearance of theophylline by 55% and 40% in young 

and elderly volunteers, respectively (Cusack et aL, 1980). Vestal et aL (1975) observed 

a more pronounced effect of smoking in enhancing the clearance of antipyrine in 

subjects under 60 years compared to those over 60 years of age. We strongly feel that 

smoking should be controlled in any pharmacokinetic study in order to avoid 

interference with the variable being studied. 

Despite the fact that aspirin is by far the most commonly used of the salicylates, 

it seemed more appropriate to use sodium salicylate in order to study SA kinetics. 

Aspirin is partly hydrolyzed during absorption; this occurs in the gastrointestinal wall 

and during first pass through the liver; about 65% of the dose administered as a 

solution reaches the systemic circulation as intact aspirin (Rowland et aL, 1972). Once 

absorbed, aspirin is hydrolyzed in the blood by plasma and erythrocyte esterases with 

a half-life of 15-20 minutes (Rowland et aL, 1972; Williams, 1985). If aspirin absorption 

is delayed, e.g., by formulation factors, no intact aspirin can be detected in plasma (Ali 

et al., 1980). Following oral administration of aspirin, the rate of appearance of SA in 

plasma is a function of both the rate of absorption of aspirin and its rate of hydrolysis. 

It seemed reasonable, therefore, to rule out difference in hydrolysis as a factor that 

might bring about differences in SA absorption and plasma concentrations. Further-
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more, special precautions should be taken when handling blood samples containing 

aspirin to retard its hydrolysis in vitro; collection tubes should be chilled, fluoride 

should be added and the samples should be analyzed on the day of collection. In order 

to avoid all these problems and difficulties, sodium salicylate was chosen for the study. 

An aqueous solution, rather than tablets or other solid dosage forms, was chosen 

in order to eliminate any formulation factors that might influence the results of the 

study. 

Sampling times were such that during the first 10 hours of the experiment a 

blood sample was drawn at the midpoint of every urine collection interval. For 

example, urine was collected over 2-4 hours after drug administration, and a blood 

sample taken at 3 hours. This design makes it possible to avoid interpolation of plasma 

concentrations in order to obtain an estimate of the concentration at the midpoint, 

Cmid> when calculating renal clearance according to the relationship: 

AXuI fl.t = CIR • Cmid 

where l1XuI fl.t is the urinary excretion rate of drug or metabolite and CIR is its renal 

clearance. 

Consistent with the well established decline of kidney function with age, a 

significant correlation (p < 0.025) was found between creatinine clearance and age 

(Table 2.4, Figure 2.4). Creatinine clearance is the most widely used index for 

measurement of the glomerular filtration rate and general assessment of renal function. 

The procedure for determining creatinine clearance is simple and does not involve 

administration of exogenous compounds. Creatinine clearance, rather than plasma 
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concentration, should be used for assessing kidney function. The concentration of 

creatinine in serum or plasma, Cer , is governed by both production rate and clearance, 

thus 

C er = Production rate / Cler 

If renal function declines, and at the same time the production rate of creatinine also 

declines, e.g. as a result of the decreased skeletal muscle mass in old age, there may be 

very little or no change in Cer' Actually this concept is clearly illustrated in our results 

by the absence of a significant correlation between plasma creatinine concentration and 

age (Table 2.4). 

Because sodium salicylate was given in solution form on an empty stomach, SA 

absorption was very rapid; maximum plasma concentrations were generally attained 

no later than 30 minutes after dosing in most subjects. Furthermore, because of rapid 

absorption, most subjects showed a distinctive distributive phase. Following the initial 

phase is a decline phase that appears to be mono exponential with no convexity. This 

suggests that the saturable elimination routes, namely SUA and SPG formation, were 

probably not saturated at the plasma concentrations achieved in the present study. The 

area under the SA plasma concentration-time curve, AUC, from 0-10 hours represents 

more than 80% of the total area in most subjects. 

Since no intravenous salicylate formulation is available in the U.S., urinary 

recovery of SA and its major metabolites was taken as a method of assessing its 

systemic availability. Intravenous aspirin is available in Europe and the Middle East. 

In the study by Greenblatt et al. (1986), they administered aspirin both orally and 
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intravenous and showed that the systemic availability was essentially complete in 

subjects of all ages. Salem and Stevenson (1977), Cuny et al. (1979) and Netter et al. 

(1985) did not collect urine and could, therefore, provide no measure ofbioavailability. 

Ho et aL (1983) did not collect urine from the subjects participating in their study, 

however, they collected urine from two additional female subjects and considered their 

urinary recovery as an index of salicylate availability. We found complete urinary 

recovery of the administered dose in most subjects (Table 2.5); neither total urinary 

recovery nor the relative contribution of various chemical species excreted correlated 

significantly with age (Table 2.5, Figure 2.6). Our finding is in accordance with the 

results of Montgomery et al. (1986), Greenblatt et aL (1986) and Roberts et al. (1983). 

The formation of SUA was the major route of elimination of SA at the dose 

used in the present study. About 80% of the administered dose was recovered as SUA 

(Table 2.5). This is in accordance with the established information about SA 

elimination kinetics (Tsuchiya and Levy, 1972). With higher doses, the linear routes 

of elimination of SA, especially urinary excretion of unchanged SA and formation of 

SAG, playa more important role in the overall process (Levy, 1965). 

The multicompartment characteristics of most subjects' SA plasma 

concentration-time profiles make it impossible to calculate an absorption rate constant, 

ka} without intravenous data. Assuming two-compartment characteristics, plasma SA 

concentration is given by : 

C = Ge-kat + Ae-at + Be- t 
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where Q and S are the first and terminal disposition rate constants, respectively; and 

G, A and B are coefficient. In order to determine ka by curve stripping, it should be 

assumed that ka > Q > B (Gibaldi and Perrier, 1982). While by definition Q > S, there 

is no reason to make the assumption that ka > Q. Since ka is essential to determine the 

exact values for tmax and Cmax ' Cmax was taken directly from the plot. Gnax was found 

to decrease significantly with age (Table 2.6, Figure 2.7), in agreement with the findings 

of Cuny et at. (1979), Roberts et at. (1983) and Greenblatt et al. (1986). 

The apparent volume of distribution Varea' either non-adjusted or normalized for 

body weight also increased significantly with age (Table 2.6, Figures 2.8, 2.9). This 

finding is in agreement with Cuny et al. (1979), Roberts et al. (1983) and Montgomery 

et al. (1986). Greenblatt et al. (1986) found a decrease in the volume of distribution 

for unbound, but not total SA, with age. We found a significant correlation between 

plasma albumin concentration and age (Table 2.4). This may explain, at least in part, 

the increase in the volume of distribution with age. Volume of distribution correlated 

significantly with plasm albumin concentration (Table 2.6). However, there was no 

statistical significance when the volume was normalized to body weight. A highly signi

ficant correlation (p < 0.001) was found between Varea and body weight of the subjects 

(Table 2.6, Figure 2.10). 

As expected, at the low dose used, the contribution of urinary excretion of 

unchanged SA to the overall elimination was minimal. The renal clearance of SA, 

C/Rl constituted approximately 5% of the total body clearance and was highly variable, 

as evident from the high standard deviation (Table 2.6). In the present study, we did 
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not control urine pH. The renal excretion of SA is the summation of glomerular 

filtration, active proximal tubular secretion and passive tubular reabsorption. It has 

been shown that the renal clearance of SA increases considerably with alkalinization 

of urine by enhancing SA ionization, thus inhibiting its renal tubular reabsorption. 

Increasing urine pH from 5 to 8 resulted in a 20-fold increase in the percentage of dose 

excreted as unchanged SA (Smith et al.~ 1946). 

Since no intravenous dose was administered, the total body clearance of SA, 

TBC, could not be calculated directly. Assuming no presystemic elimination of SA in 

the gut wall or the liver, and since the absorption of SA was complete, as indicated by 

complete urinary recovery, the oral clearance of SA, Cl(j could be considered as a 

reasonable approximation of its TBC. It is obvious from our results that TBC does not 

depend on age (Table 2.6). 

It is interesting to note that when the influence of age on the terminal half-life 

of SA was examined, a significant positive correlation was obtained (p < 0.05). Half

life is influenced by both clearance and volume, thus, 

til2 = 0.693 • Varea I TBC 

Although the overall elimination of SA from the body seems to be unaffected by age, 

as evident from the lack of significant correlation between TBC and age (Table 2.6), 

half-life of SA increased significantly with age. This is a clear example of the mistake 

often made in the pharmacokinetics literature where changes in half-life are attributed 

to changes in drug elimination. Investigators, for example, frequently use antipyrine 

half-life as an index of hepatic biotransformation. In the present study, the difference 
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with age of half-life is due to a difference in apparent volume of distribution rather 

than in drug elimination. 

At low doses, the major route of elimination of SA is through conjugation with 

glycine forming SUA (o-hydroxyhippuric acid). SUA is totally excreted in urine, i.e., 

its renal clearance represents its total body clearance. This metabolite is removed by 

both glomerular filtration and active tubular secretion as indicated by its high renal 

clearance value (Table 2.7). 

As mentioned earlier, decline of renal function is one of the most consistent 

changes that accompany aging. As expected, a highly significant negative correlation 

(p<O.OOl) was found between renal clearance of SUA and age (Table 2.7, Figure 

2.15). SUA renal clearance also correlated significantly with creatinine clearance 

(Table 2.7, Figure 2.16). The maximum concentration of SUA in plasma increased 

with age (p < 0.05, Table 2.7, Figure 2.14). Montgomery and Sitar (1981) found higher 

SUA and GA concentrations in patients older than 60 years following chronic aspirin 

therapy. Montgomery et aL (1986) found a significant decrease in SUA renal clearance 

and increase in its Cmax in elderly subjects. Ho et aL (1985) also found greater A UC and 

lower renal clearance of SUA in elderly patients. The therapeutic implications of 

these findings, however, remain to be investigated. 

The results of the present study suggest that age has a minor influence on the 

disposition of salicylate in male subjects. It is our belief that judicious selection of 

subjects, proper experimental design and avoidance of model-dependent calculations 
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make our results more representative of the role age, per se, plays in the variability of 

salicylate kinetics among individual patients. 



Table 2.1: Influence of Age on Salicylate Pharmacokineticsa 

Reference Age n Dose Cmax tmdx AUC V tl/2 Clo TBC F Cl r(SUA) 
yr mg/l h mg. h/l h ml/min 

Salem and 20-40 6 4mg/kg 35.0 O.BO 136.0 
Stevenson, aspirin (3.0) (0.53) (36.1) 

1977 >65 5 solution 40.5 1.15 287.0 
(11.7) (0.50) (141.6) 

NSb tiS p<0.05 

ml/min/kg 
Cuny et aI, 21(2) 1 9 129 2.47 917 3.83 1 2.38 26.9 

1979 aspirIn (19.4) (0.19) (324) (0.66) (0.29) (4.0) 
17(6) 15 tablets 98.7 3.23 964 5.52 1 3.71 28.0 

(19.3) (0.89) (341 ) ( 1.32) (1.47) (10.3) 
p<O.OI p<O.OI NS p<O.OI p<0.05 NS 

Roberts 25(5) 6 1.2 9 75.0 1.35 576 11. 0 1 7.2 0.84 
et aI, 1983 aspirin (11.0) (0.07) (110) (2.3) ( 1.9) (0.10) 

67(9) solution 63.2 1.36 618 13.7 1 8.5 0.78 
(7.8) (0.78) (125) (2.2) (2.1 ) (0.17) 

p<0.05 NS NS p<0.05 NS NS 

Netter et aI, 25 to 28 1 9 I NS' 
1983 92 1. 73 m2 (total) 

sodi um p<0.03 
salicylate (unbound) 
solution 

Vss, l/kg 
ml/min 

Ho et aI, 21(2) 6 H 0.6 9 32.4 0.94 161 0.22 515 
1985 aspirin (2.2) (0.33) (53) (0.07) ( 147) 

27 (13) 7 F solution 40.3 0.93 235 0.18 352 
(6.2) (0.12) (52) (0.03) (160) 

75( 7) 6 H 30.4 0.71 165 0.24 165 
(8.6) (0.19) (64) (0.07) (70) 

79( I 1) 6 F 43.8 0.72 339 0.24 103 
(8.8) (0.17) ( 100) (0.11) (75) 

NS p<0.05 NS NS p<O.OI 
..... 
N 
\0 



Table 2.1: Continued 

Reference Age n Dose Cmax tmax AUC V 
yr mg/l h mg.h/l 

Varea. I/kg 
Montgomery 23-78 21 M 0.9 9 49.9 2.5 0.165 
et al. 1986 aspirin (7.3) (0.92) (0.027) 

tablets NSc NS p<0.002 

20-71 23 F 53.5 ~.3 0.161 
(5.3) (0.G6) (0.029) 

NS NS NS 

Varea.l/k 
Greenblatt 29(1) 16 M 0.65 g 33.2 1.9 0.18 
&.2.l.. 1986 aspirin (4.0) (0.8) (0.04) 

32(2) 9 F IV & 41.1 2.4 0.20 
0.65 g (6.3) (1. 2) (0.03) 

71 (1) 10 H tablets 28.8 2.3 0.18 
(4.7) (0.9) (0.03) 

73(2) 11 F 45.0 1.8 0.17 
(5.3) (0.4) (0.03) 

p<0.025 NS NS 
(males) 

NSc 

(females) 

a Means (S.D.) are reported whenever possible. 

b Difference between young and old group is not significant. 

C No significant correlation with age. 

tl/2 Clo 
h 

ml/min/kg 
0.395 

(0.084) 
NS 

0.348 
(0.072) 

NS 

VI,. l/kg 
2.22 2.3 

(0.60) (0.8) 
2.48 2.1 

:0.69) (0.3) 
1.71 2.2 

(0.35) (0.3) 
1. 74 3.1 

(0.46) (0.9) 
)<0.025 NS 
(both (males) 
sexes) p<O.OI 

(females) 

TBC 
ml/min 

48 
(I2) 

35 
(6) 
49 

( 16) 
27 
(7) 

NS 
(males) 
p<O.OI 

(females 

F CI r(SUA) 

ml/min/kg 
1.00 7.53 

(0.09) (I.83) 
NS p<O.OI 

I. 02 7.15 
(0.10) (2.80) 

NS p<O.OI 

1.16 
(0.16) 
1.19 

(0.18) 
1.05 
(0.09) 
1.08 

(0.13) 
NS 

...... 
VJ 
o 
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Table 2.2: Validation of Salicylic Acid and Salicyluric Acid 
Assay in Plasma 

ii 
Observed conc., 

.ug/ml 
Actual conc.;------------------------~--------------------------

.ug/ml !i 

I salicylic 
acid: 

8.0 

40.0 

80.0 

Salicyluric 
acid: 

0.8 

4.0 

8.0 

a % Difference 

Within day (n = 10) 
% Differ

Mean encea %CVb 

8.5 6.3 2.4 

41.3 3.3 1.2 

85.5 6.9 2.2 

0.81 1.3 3.4 

4.2 5.0 1.6 

8.6 7.5 2.1 

Day-to-day (n = 5) 
% Differ-

Mean ence %C\' 

8.4 5.0 5.9 

43.0 7.5 

~:.2 : . ..., 

0.82 2.5 1.5 

4.4 10.0 ~.9 

8.~ 2.5 5.0 

Calc. conc. - Actual conc. 
----------------------------- x 100 

Actual conc. 

standard Deviation 
b % CV: coe~~!cient of variation -------------------- x 100 

Mean 
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Table 2.3: Validation of salicylic Acid and salicyluric Acid 
Assay in Urine 

Observed conc., 
/.Lg/ml 

Actual conc.I~----------------------------------------------~ 
/.Lg/ml 

ISalicylic 
I acid: 

15.0 

75.0 

150.0 

'Sa.licyluric 
acid: 

150.0 

750.0 

1500.0 

a % Difference 

Within day (n = 10) 
% Differ

Mean encea %CVb 

14.1 -6.0 2.8 

73.0 -4.0 1.1 

138.5 -7.7 4.2 

145.7 -2.9 O.S 

741.6 -1.1 0.6 

1457.1 -2.9 0.4 

Day-to-day (n = 3) 
% Differ

Mean ence %CV 

16.2 a. ': -;.:2 

75.2 0.: 10.4 

152.0 1..1 6.2 

762.::> l.6 

Calc. conc. - Actual conc. 
----------------------------- x 100 

Actual conc. 

Standard Deviation 
b % CV: coefficient of variation -------------------- x 100 
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Table 2.4: Characteristics of Subjects Participating in the Salicylate Study 

Creatinine 
Subject Age Weight Albumin Plasma cone Excretion Clearance 

ID yr kg cone. JLg/m1 rate" ml/min 
g/d1 mg/day 

CLD 30 80 4.9 10.20 2078 141.5 
NSG 30 75 4.9 8.92 1108 86.3 
DFP 35 80 7.93 1927 168.8 
JLK 38 70 4.8 7.26 912 87.2 
DFF 38 86 4.6 9.65 1271 91. 5 
JTM 40 72 10.19 1552 105.8 
DPG 42 77 4.6 8.99 1869 144.4 
AJM 43 65 4.6 8.77 932 73.8 
DWC 46 79 5.3 10.11 1310 90.0 
JPT 51 86 4.7 7.07 1355 133.1 
PAB 58 85 4.8 7.32 . 1531 145.2 
CLM 59 88 8.29 1370 114.8 
EEH 65 91 4.3 11.08 1386 86.9 
DEE 66 91 4.8 10.19 1605 109.4 
JWO 67 99 4.1 10.29 1152 77.7 
WJH 71 79 10.96 1488 94.3 
HTO 74 105 4.3 10.25 1204 81.6 
JJS 75 80 4.6 7.07 891 87.5 
MOM 78 84 4.2 9.79 1416 100.4 
CPP 80 104 3.9 8.78 743 58.8 
OBB 83 75 12.65 1300 71.4 
LEE 85 67 4.3 10.01 1069 74.2 

Mean 82.6 4.6 9.35 1340 101.1 
S.D. 10.8 0.3 1.46 341 28.8 
Correlation 

with age p<0.005 NSb NS p<0.025 

a Average excretion rate based on 24-hour urine collection 

b p value, two-sided student t-test; NS: not significant (p>O.05) 
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Table 2.5: Urinary Recovery of Salicylc Acid and metabolites in 22 Human 
Subjects Following an Oral Solution Dose of 600mg Sodium Salicylate 

Subject Age Percentage of Dose Excreted 
yr 

SA SG SUA 

CLD 30 0.44 8.34 79.5 
NSG 30 6.86 10.15 77 .4 
DFP 35 4.44 10.29 82.7 
JLK 38 2.90 11.76 85.1 
DFF 38 6.47 14.76 77 .1 
JTM 40 10.46 6.59 77 .5 
DPG 42 5.80 6.21 85.9 
AJM 43 10.61 8.04 86.6 
DWC 46 6.23 3.62 72.0 
JPT 51 1.18 16.72 84.0 
PAB 58 3.92 11.22 83.9 
CLM 59 12.74 8.79 80.6 
EEH 65 2.17 7.82 84.7 
DEE 66 6.97 6.19 62.9 
JWO 67 2.51 11.13 82.2 
WJH 71 0.21 13.49 77 .3 
HTO 74 1.91 8.12 88.5 
JJS 75 11.50 15.67 68.6 
MOM 78 1. 81 8.58 72.6 
CPP 80 4.97 11.08 90.1 
OBB 83 2.52 10.03 71.5 
LEE 85 1.72 10.63 84.7 

Mean 4.92 9.97 79.8 
S.D. 3.72 3.23 6.9 

Correlation with 
ageb NS NS NS 

a SA: salicylic acid; SG: salicyl glucuronides; SUA: salicyl
uric acid 

b NS: not significant (p>O.OS, two-sided student t-test) 

in Urine" 

Total 

88.3 
94.4 
97.4 
99.8 
98.3 
94.6 
97.9 

105.3 
81. 9 

101.9 
99.0 

102.1 
94.7 
76.1 
95.8 
91.0 
98.5 
95.8 
83.0 

106.2 
84.1 
97.1 

94.7 
7.8 

NS 
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Table 2.6: Phannacokinetic Parameters of Salicylic Acid in 22 Subjects 
Following an Oral Solution Dose of 600 mg Sodium Salicylate. 

Sub- Age Weight Cmax C10 Varea Varea B tIll C1r 
ject yr kg mg/1 m1/min 1 m1/kg h- ' hr m1/min 

CLD 30 80 53.4 26.4 7.93 98.6 0.200 3.47 0.14 
NSG 30 75 81.1 20.7 7.80 104.4 0.159 4.35 1.48 
DFP 35 80 63.5 32.8 7.87 97.3 0.250 2.77 1.47 
JLK 38 70 68.4 21.0 7.75 111.5 0.163 4.26 0.63 
DFF 38 86 61. 5 29.2 9.68 112.9 0.181 3.83 1. 96 
JTM 40 72 77 .2 28.8 8.63 119.6 0.200 3.46 3.04 
DPG 42 77' 63.2 29.2 7.89 101. 9 0.222 3.12 2.01 
AJM 43 65 62.8 22.8 7.01 108.0 0.196 3.55 2.49 
DWC 46 79 63.7 33.7 7.35 93.1 0.275 2.52 2.17 
JPT 51 86 78.2 28.5 8.27 95.8 0.207 3.35 0.34 
PAB 58 85 62.3 29.7 8.10 95.7 0.220 3.15 1. 33 
CIl1 59 88 55.7 29.8 9.11 103.5 0.196 3.53 3.82 
EEH 65 91 42.1 33.6 10.79 118.3 0.187 3.71 0.75 
DEE 66 91 54.0 34.2 9.50 104.7 0.216 3.21 2.71 
JWO 67 99 52.6 33.0 10.69 106.3 0.186 3.74 0.98 
WJH 71 79 54.8 39.1 8.84 112.0 0.265 2.61 0.08 
HO 74 105 47.8 36.7 11.28 108.0 0.195 3.55 0.83 
JJS 75 80 67.4 18.9 7.58 95.3 0.147 4.63 2.22 
MOM 78 84 46.1 25.8 11.57 139.5 0.134 5.18 0.49 
CPP 80 104 41.6 35.4 13.95 132.7 0.153 4.55 1.81 
OBB 83 75 66.4 21. 9 8.87 n8.2 0.148 4.68 0.57 
LEE 85 67 68.4 18.9 7.36 109.3 0.154 4.50 0.33 

Mean 82.6 60.6 28.6 8.99 108.5 0.193 3.58" 1.44 
S.D. 10.8 11.0 6.0 1. 73 11.9 0.038 0.74 1. 03 

Corre1ationb 

age p<0.05 NSb p<0.05 p<0.05 NS NS 
body weight p<O.OOl 
albumin conc. p<0.5 
creatinine clearance NS 

a Harmonic mean and pseudo-stadard deviation, calculated according 
to Lam et al (1985) 

b P value, two-sided student t-test; NS: not significant (p > 0.05) 
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Table 2.7: Pharmacokinetic Parameters of Salicyluric Acid in 22 Human Subjects 
Following an Oral Solution Dose of 600 mg Sodium Salicylate. 

Subject Age Cmax C1r 
yr J,£g/m1 m1/min 

CLD 30 2.49 358.1 
NSG 30 1. 75 390.9 
DFP 35 2.29 452.5 
JLK 38 1. 81 379.6 
DFF 38 2.30 311.8 
JTM 40 2.33 403.5 
DPG 42 2.42 400.4 
AJM 43 2.26 426.2 
Dwe 46 3.20 333.5 
JPT 51 2.65 361. 7 
PAB 58 2.33 389.3 
CLM 59 2.32 344.5 
EEH 65 2.69 215.5 
DEE 66 2.63 253.1 
JWO 67 2.22 392.8 
WJH 71 4.77 232.7 
HO 74 2.98 307.9 
JJS 75 1.61 356.7 
MOM 78 2.58 155.2 
CPP 80 2.67 241.0 
OBB 83 3.93 172.9 
LEE 85 3.08 246.8 

Mean 2.60 323.9 
S. D. 0.70 84.4 

Correlation: 
age p<0.05 p<O.OOl 

creatinine 
clearance p<0.05 
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Figure 2.1: A. A typical chromatogram of blank plasma. B. Chromatogram of plasma 
from subject OBB (83 years). The calculated concentrations were: SA, 
48.6 ~g/ml; SUA, 2.70 ~g/ml. 
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Figure 2.2: A. A typical chromatogram of blank urine. B. Chromatogram of urine 
from subject JTM (40 years). The calculated concentrations were: SA, 
114.5 Jlg/ml; SUA, 301.1 Jlg/ml. 
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Figure 2.3: A. A typical chromatogram for plasma from subject MOM (75 years) 
containing 9.79 ~g/ml creatinine. B. A typical chromatogram for diluted 
urine from subject DWe (46 years) containing 163.7 ~g/ml creatinine. 
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Figure 2.4: Relationship between creatinine clearance and age in 22 healthy male 
subjects participating in the salicylate study (R2: 0.250. p < 0.025). 
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Figure 2.5: Plasma concentration-time profiles from 22 male subjects following a 600 
mg oral solution dose of sodium salicylate. (0), salicylic acid; (A), 
salicyluric acid. Each subject is identified by initials and the number in 
parentheses is subject's age in years. The solid straight line represents 
a least square fit of the terminal phase of the salicylic acid data. 
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Figure 2.5: Continued 
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Figure 2.6: Percentage of dose recovered in urine in 48 hours in 22 male subjects 
receiving a single oral dose of 600 mg sodium salicylate. (0), salicylic 
acid; (.::l), salicyl glucuronides; (r;), salicyluric acid; (0), total. 
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Figure 2.7: Relationship between peak plasma concentration of salicylic acid and 
age in 22 male subjects receiving a single oral dose of 600 mg sodium 
salicylate (R2 = 0.209; P < 0.05). 
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Figure 2.8: Relationship between apparent volume of distribution, V
area

, and age 
in 22 male subjects receiving a single oral dose of 600 mg sodium 
salicylate (R' = 0.259; P < 0.05). 
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Figure 2.9: Relationship between volume of distribution of salicylic acid, 
normalized to body weight, and age in 22 male subjects receiving a 
single oral dose of 600 mg sodium salicylate (R2 = 0.179; p <0.05). 
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Figure 2.10: Relationship between apparent volume of distribution, Varea' and body 
weight in 22 male subjects receiving a single oral dose of 600 mg 

sodium salicylate (R' = 0.313, P < 0.05). 
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Figure 2.11: Relationship between apparent oral clearance of salicylic acid and age 
in 22 male subjects receiving a single oral dose of 600 mg sodium 
salicylate. 
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Figure 2.12: Relationship between renal clearance of salicylic acid and age in 22 
male subjects receiving a single oral dose of 600 mg sodium salicylate. 
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Figure 2.13: Relationship between terminal disposition rate constant of salicylic 
acid and age in 22 male subjects receiving a single oral dose of 600 mg 
sodium salicylate. 
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Figure 2.14: Relationship between maximum plasma concentration of salicyluric 
acid and age in 22 male subjects receiving a single oral dose of 600 mg 
sodium salicylate (R2 = 0.209, P < 0.05). 
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Figure 2.15: Relationship between renal clearance of salicyluric acid and age in 22 
male subjects receiving a single oral dose of 600 mg sodium salicylate 

(R2 = 0.6023, P <0.001). 
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Figure 2.16: Relationship between renal clearance of saIicyluric acid and creatinine 
clearance in 22 male subjects receiving a single oral dose of 600 mg 
sodium salicylate (R2 = 0.2017, P < 0.05). 



157 

APPENDIX A 

Concentration-Time Data in Six Dogs Following Oral Administration of 400 mg CsA 
as Capsules or Tablets, and Intravenous Administration of 202.4I-'Ci of Tritiated CsA. 

1. Dog 37B: 

CsA Concentration 
Time Capsules IV 

h ns/ml pCi/ml 

0.17 3614 
0.33 2316 
0.50 109.0B 2357 
0.75 551.92 2426 
1.00 935.14 1905 
1.50 1193.4B 1553 
2.00 1590.17 1545 
3.00 1621.24 1077 
4.00 1522.71 1205 
5.00 1347.27 1116 
6.00 1131.03 B66 
7.00 1106.05 773 
B.OO 10B9.72 B53 

12.00 774.69 5B6 
15.50 636.74 425 
24.00 297.32 214 
29.25 2B7.70 159 
53.00 70.03 

2. 37C: 

CsA Concentration 
Time Capsules IV 

h nB/ml pCi/ml 

0.17 2515 
0.33 249B 
0.50 2041 
0.75 72.94 2197 
1.00 35B.24 1719 
1.50 1109.54 193B 
2.00 1151.39 1592 
3.20 1067.55 1430 
4.20 B59.24 947 
5.30 691.46 1122 
6.25 592.36 799 
7.70 473.46 673 

11.40 295.14 440 
14.50 262.13 367 
25.00 103.96 165 
29.00 71.BB 106 

CsA Concentration 
Time Tablets IV 

h ns/ml pCi/ml 

0.17 
0.33 
0.50 
0.75 
1.00 
1.50 
2.00 
3.00 
4.00 
5.30 
7.00 
B.OO 

11.50 
15.25 
23.70 
29.75 

Time 
h 

0.17 
0.33 
0.50 
0.75 
1.00 
1.50 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 

11.00 
13.25 
14.75 
29.00 
52.00 

157.02 
B12.3B 
906.35 
964.57 
937.B9 
769.53 
617.30 
561. 62 
456.99 
306.1B 
19B.76 
109.61 

310B 
25B2 
2352 
1790 
2293 
lB32 
176B 
1544 
115B 

99B 
975 
782 
526 
481 
248 
190 

CsA Concentration 
Tablets IV 
ng/ml pCi/ml 

3399 
3053 
2342 
2356 
2017 
2022 

116.97 1786 
843.15 1253 

1605.06 1183 
1674.41 1172 
1398.26 930 
1133.63 864 

69B.24 548 
594.85 425 
4Bl.30 319 
180.29 125 

63.29 
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3. Dog 398: 

CsA Concentration C.A Concentration 
Time Cap.ule. IV Time Tablet. IV 

h ns/ml pCi/mt h ns/ml pCi/mt 

0.17 4161 0.17 3501 
0.33 3019 0.33 2918 
0.50 2539 0.50 91.01 2568 
0.75 2117 0.75 288.68 3147 
1.00 2357 1.00 656.55 2822 
1.50 2002 1.50 1109.98 2399 
2.00 50.77 2038 2.00 1068.38 1673 
3.00 848.30 1888 3.00 930.05 1765 
4.00 734.10 1788 4.00 85 /0.96 1303 
5.00 1264.33 1520 5.00 829.66 1260 
6.00 1069.70 1123 6.00 832.63 1298 
7.00 1076.60 1033 7.50 828.44 870 
8.00 1032.35 949 11.25 1093.13 852 

11.75 764.96 669 14.30 840.94 768 
15.00 678.49 566 24.80 402.71 223 
27.00 352.34 252 29.50 275.97 180 
30.00 261.81 222 53.00 61.86 
53.00 93.59 

4. Dog 56D: 

CsA Concentration C.A Concentration 
Time Capsules IV Time Tablets IV 

h ns/ml pCi/ml h ns/ml pCi/ml 

0.17 4672 0.17 5219 
0.33 72.33 3963 0.33 3741 
0.50 287.99 3720 0.50 3598 
0.75 703.09 3534 0.75 2899 
1.00 1162.92 3017 1.00 99.09 3244 
1.50 1805.53 2273 1.50 616.50 3033 
2.00 2049.23 1890 2.00 1292.90 2235 
3.00 2161.39 1755 3.00 1707.91 1909 
4.00 1703.08 1523 4.00 1755.57 1319 
5.00 1600.04 1388 5.30 1845.91 1132 
6.00 1258.85 1066 6.30 1548.47 961 
7.00 953.78 843 7.40 1394.79 759 

11.00 709.59 689 10.30 782.13 688 
13.25 571. 45 547 14.40 641.17 364 
14.70 525.32 484 22.20 339.47 157 
29.00 235.48 202 28.70 246.19 145 
52.00 159.76 48.00 98.28 
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5. Dog 57D: 

C.A Concentration C.A Concentration 
Time Cap.ule. IV Time Tablets IV 

h ng/ml pCi/ml h ng/ml pCi/ml 

0.17 254.87 4555 0.17 3089 
0.33 474.95 2597 0.33 2682 
0.50 733.24 2091 0.50 1807 
0.75 1044.64 2370 0.75 2099 
1.00 1128.06 1940 1.00 1717 
1.50 1130.55 1558 1.50 90.57 1927 
2.00 1332.03 1356 2.00 256.86 1641 
3.25 1338.09 1350 3.00 635.30 1317 
4.00 1435.80 956 4.00 997.12 1049 
5.30 1255.09 1088 5.00 1410.66 1185 
6.20 1108.86 867 6.00 1638.98 867 
7.50 1031.60 933 7.00 1286.54 659 

10.30 800.53 700 8.00 1193.80 707 
14.40 717.36 618 12.00 747.12 524 
22.20 473.31 356 15.50 559.50 417 
28.70 333.99 244 24.00 292.68 210 
48.00 97.11 29.50 207.76 169 

53.00 60.99 

6. Dog 77B: 

C.A Concentration C.A Concentration 
Time Capsules IV Time Tablets IV 

h ng/ml pCi/ml h ng/ml pCi/ml 

0.17 298.58 4020 0.17 5068 
0.33 672.50 4457 0.33 3833 
0.50 1002.01 4940 0.50 3505 
0.75 1675.71 3999 0.75 2831 
1.00 1977.42 3323 1.00 2589 
1.50 2480.36 2923 1.50 123.60 2253 
2.00 2129.09 4460 2.00 492.92 2560 
3.00 1493.25 1759 3.00 1513.92 1724 
4.00 1189.56 1453 4.00 1726.02 1286 
5.30 873.33 1248 5.00 1309.74 1097 
6.00 766.81 920 6.00 1009.72 943 
7.00 645.15 701 7.00 808.10 716 
8.00 519.33 616 8.00 633.08 541 

11.40 347.04 377 11.75 354.72 315 
15.30 221.46 208 15.00 217.76 169 
24.00 126.55 27.00 81.26 
30.00 96.26 30.00 68.92 
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You are being asked to participate in a study entitled, "Gastrointestinal 
Absorption in the Elderly: Sodium Salicylate Absorption". Sodium salicylate is an 
extensively used drug available without prescription for treating a variety of conditions. 
We are interested in examining the gastrointestinal absorption of this drug in healthy 
males of varying ages. You must have no known allergy to salicylate or aspirin in order 
to participate in this study. 

After an overnight fast, you will ingest 0.6 g of sodium salicylate dissolved in 
water. This dose is less than that contained in 2 regular aspirin tablets. Food will be 
withheld for 2 hours after dosing. Just prior to dosing, you will be asked to void your 
bladder. A needle attached to a short piece of tubing will be placed into a vein in your 
arm. This tubing will contain a fluid that prevents blood from clotting in the needle. 
Blood samples will be taken at the following times: 0, 0.17, 0.25, 0.50, 0.75, 1, 1.5,3,5, 
7, 8, 10 and 24 hours. Each sample will have a volume about equal to that in a 
teaspoon. The total volume of blood removed will be less than 3 oz. You will also be 
asked to collect urine samples at the following times: 0-1, 1-2,2-4,4-6,6-8,8-10, 10-
24 and 24-48 hours. Data sheets and urine containers will be provided. 

You must avoid ingesting any aspirin or aspirin-containing products at least 3 
days prior to and during the 2-day experiment. You must also avoid using rubbing 
ointments containing salicylate for the same period of time. 

There will be no restriction on your physical activity. There will be no cost to 
you for participating in this study and you will be given $35 for completing the 
experiment to compensate you for time lost and inconvenience. There should be no 
adverse effects to the small dose of sodium salicylate that you will ingest. There is the 
potential of local bruising or infection at the site of blood sampling. 

The information obtained from this study will be confidential and your name 
will be known only to the principal investigator and will not be disclosed to others in 
any publication. 

There may be no direct benefit of this study to you. The results of this study 
may help us understand the influence of age on gastrointestinal absorption. 

"I understand that in the event of physical injury resulting from the research 
procedures, financial compensation for wages or time lost is not available, but medical 
treatment but not hospitalization is provided free of charge." 
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"I have read the above 'Subject's Consent'. The nature, demands, risks and 
benefits of the project have been explained to me. I understand that I may ask 
questions and that I am free to withdraw from the project at any time without incurring 
ill will. I also understand that this consent form will be filed in an area designated by 
the Human Subjects Committee with access restricted to the principal investigator or 
authorized representatives of the particular department. A copy of this consent form 
is available to me upon request." 

Subject's Signature Date 

Witness' Signature Date 

"I have carefully explained to the subject the nature of the above project. I 
hereby certify that to the best of my knowledge the subject who is signing this consent 
form understands clearly the nature, demands, benefits and risks involved in 
participating in this study. A medical problem or language or educational barrier has 
not precluded a clear understanding of his/her involvement in this project." 

Investigator's Signature Date 
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APPENDIX D 

Plasma and Urine Data from 22 Male Subjects after an 
Oral Solution Dose of 600 mg of Sodium Slaicy1ate. 

1. Subject CLD (30 Y)-

Time, SA conc, SUA conc, mg excreted in urine as 
h J,£g/m1 J,£g/m1 SUA SA SAG 

0.17 46.30 0.63 
0.25 53.43 1.15 
0.50 53.20 1. 98 
0.75 55.71 2.15 
1.00 52.42 2.28 27.03 0.11 4.23 
1.50 48.82 2.49 
2.00 42.54 0.42 5.85 
3.00 38.01 2.05 
4.00 84.96 0.87 10.38 
5.00 25.33 1. 88 
6.00 23.32 0.09 2.51 
7.00 18.89 1.69 
8.00 63.81 0.53 6.38 
9.00 10.76 1.15 

10.00 8.33 0.96 52.38 0.27 4.29 
24.00 0.55 101.14 7.12 
48.00 16.27 2.41 

2. Subject NSG (30 Y) 

Time, SA conc, SUA cone, mg excreted in urine as 
h J,£g/m1 J,£g/m1 SUA SA SAG 

0.17 81.06 0.81 
0.25 73.35 1.12 
0.50 63.55 1. 37 
0.75 57.04 1.49 
1.00 52.62 1. 73 24.46 2.72 5.20 
1.52 52.93 ' 73 
2.00 34.87 7.48 5.93 
3.00 42.66 1.65 
4.00 64.77 14.63 8.27 
5.00 31.48 1. 75 
6.00 65.97 4.25 9.31 
7.00 19.92 1.26 
8.00 24.21 0.33 3.39 
9.00 16.23 1.24 

10.00 12.96 0.96 44.42 3.20 5.53 
24.00 122.66 2.89 12.89 
48.00 19.29 1. 96 
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3. Subject DFP (35 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h ILg/m1 ILg/m1 SUA SA SAG 

0.17 55.70 0.93 
0.25 63.50 .1.49 
0.52 58.61 1.94 
0.77 52.47 2.03 
1.00 47.80 2.09 34.60 7.88 4.80 
2.10 39.60 2.29 50.85 7.38 5.57 
3.00 31. 59 2.20 
4.00 52.64 2.18 7.54 
5.00 21. 33 1. 79 
6.00 90.07 2.36 11.82 
7.00 13.68 1. 51 
8.00 68.63 2.30 8.01 
9.00 7.02 1.15 

10.00 4.65 0.70 45.39 0.28 5.43 
24.00 57.78 0.59 10.02 
48.00 28.00 

Total 427.96 22.97 53.19 

4. Subject JLK (38 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h ILg/m1 ILg/m1 SUA SA SAG 

0.17 57.74 0.57 
0.25 68.43 1.02 
0.50 61.43 1. 39 
0.75 56.17 1.71 
1.00 56.17 1.47 24.56 1. 98 3.94 
1.50 53.14 1. 75 
2.00 24.56 1. 78 2.88 
3.00 39.64 1. 81 
4.00 66.00 1. 79 8.90 
5.00 32.19 1. 69 
6.00 64.93 5.68 7.29 
7.00 23.87 1.49 
8.00 57.19 0.18 7.91 
9.00 13.69 1.16 

10.00 13.07 1.13 47.12 2.09 5.01 
24.00 131. 28 1.50 18.19 
48.00 24.62 6.74 
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5. SUbjAct DFF (38 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h J,£g/m1 J,£g/m1 SUA SA SAG 

0.18 60.78 0,80 
0.25 61.54 l.20 
0.50 47.54 l. 69 
0.77 43.73 l. 94 
l.05 41.99 2.11 25.69 0.92 4.96 
l.52 38.49 2.30 
2.00 38.26 0.53 5.87 
3.00 32.95 2.09 
4.00 70.95 2.62 11.28 
5.00 22.79 2.09 
6.00 73.97 0.43 10.02 
7.00 15.95 1. 69 
8.00 59.60 0.95 7.71 
9.00 9.71 l. 38 

10.00 8.13 l. 25 52.83 0.44 5.95 
24.00 50.60 27.58 2.27 
48.00 27.04 l. 27 

6. Subject JTH (40 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h J,£g/ml J,£g/m1 SUA SA SAG 

0.17 61.65 0.91 
0.25 77 .20 l.18 
0.50 6l. 70 2.08 
0.75 54.90 2.12 
l.00 48.70 l. 97 22.01 18.07 1.72 
l.50 42.80 l. 93 
2.00 40.80 2l. 75 0.98 
3.00 32.80 2.33 
4.00 62.53 6.76 5.68 
5.00 22.40 2.06 
6.00 73.31 2.40 6.60 
7.00 15.10 l.77 
8.00 79.83 2.36 6.61 
9.00 9.94 l.12 

10.00 7.71 0.93 23.33 l.09 l. 92 
24.00 0.44 83.89 l.80 7.06 
48.00 15.42 3.45 
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7. Subject DPG (42 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h J.l.g/m1 J.l.g/m1 SUA SA SAG 

0.20 63.16 1.05 
0.30 61. 26 1.49 
0.52 54.92 1.77 
0.73 54.98 2.12 
1.00 51.77 2.31 32.53 1. 97 4.88 
1.50 44.40 2.17 
2.00 39.54 2.86 4.32 
3.00 35.81 2.42 
4.00 87.79 2.67 8.44 
5.00 25.35 2.14 
6.00 85.66 11.76 6.08 
7.00 14.41 1. 58 
8.00 56.59 7.27 3.82 
9.00 8.76 1. 22 

10.00 6.45 1.00 49.62 4.42 3.56 
24.00 83.83 
48.00 8.96 

8. Subject AJM (43 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h J.l.g/m1 J.l.g/m1 SUA SA SAG 

0.17 31. 89 0.50 
0.25 53.46 0.98 
0.50 62.76 1. 53 
0.75 60.29 1. 96 
1.00 60.44 2.22 32.54 13.65 0.74 
1.67 58.87 2.26 
2.00 26.07 8.18 1.43 
3.00 42.85 2.10 
4.00 104.41 19.43 7.36 
4.75 32.09 1. 98 
6.00 64.32 3.48 4.80 
7.30 19.70 1. 79 
8.75 85.88 3 .. 21 5.44 
9.05 12.49 1. 31 

10.00 9.61 1.15 37.54 3.66 2.05 
24.00 82.16 3.31 19.70 
48.00 15.39 
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9. Subject DWC (46 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h /.Lg/m1 J,£g/m1 SUA SA SAG 

0.18 56.17 0.92 
0.25 63.68 l.49 
0.50 61.07 2.54 
0.75 55.48 2.74 
l.02 50.85 2.86 33.86 11.41 3.74 
l. 53 44.60 3.00 
2.00 58.23 9.89 3.16 
3.00 32.16 3.20 
4.00 89.60 2.05 5.68 
5.00 2l.34 2.48 
6.00 12.59 0.06 0.68 
7.00 11.36 l.85 
8.00 45.99 l.84 l. 70 
9.00 5.74 l.19 

10.00 4.00 0.80 39.72 0.95 l. 63 
24.00 77 .12 3.81 0.34 
48.00 15.43 2.22 l. 73 

10. Subject JPT (51 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h /.Lg/m1 /.Lg/m1 SUA SA SAG 

0.20 78.24 l.01 
0.28 69.90 l. 27 
0.53 55.65 l. 68 
0.75 52.26 l. 79 
l.00 48.45 l. 95 29.05 0.48 6.81 
l.50 42.69 l. 89 
2.00 35.40 0.75 7.62 
3.00 34.85 2.65 
4.00 74.94 l.43 13.49 
5.00 24.49 2.62 
6.00 6l. 70 0.51 10.83 
6.43 17.96 2.17 
8.00 66.20 0.08 10.11 
9.00 9.42 l. 66 

10.00 7.25 l.11 47.69 6.71 
24.00 0.44 101.83 2.85 13.88 
48.00 18.07 17.09 
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11. Subject PAB (58 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h J,Lg/ml J,Lg/ml SUA SA SAG 

0.17 48.64 0.65 
0.25 62.29 1.24 
0.50 57.72 1.64 
0.75 53.12 1. 81 
1.00 51. 74 2.06 19.58 2.23 3.35 
1.50 45.85 2.19 
2.00 40.53 3.98 5.36 
3.00 33.29 2.33 
4.00 75.76 1. 97 9.83 
5.00 23.19 2.04 
6.00 71.43 5.60 8.09 
7.00 14.20 1. 68 
8.00 61.84 5.42 6.32 
9.00 8.73 1.19 

10.00 7.05 1.01 31. 63 1.11 3.02 
24.00 105.82 14.11 
48.00 27.46 7.86 

12. Subject eLM (59 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h J,Lg/ml J,Lg/ml SUA SA SAG 

0.17 38.69 0.62 
0.28 55.73 1.07 
0.50 53.52 1. 69 
0.75 48.80 2.01 
1.00 45.62 2.11 21. 87 8.25 3.29 
1. 53 41.28 2.17 
2.00 34.01 11.01 3.17 
3.00 32.08 2.32 
4.00 65.93 13 .18 6.43 
5.00 23.55 2.17 
6.00 60.47 2.77 6.67 
7.00 15.27 1.83 
8.00 68.74 13.50 2.12 
9.00 9.48 1. 32 

10.00 7.94 1.13 35.59 6.57 2.15 
24.00 0.57 0.16 107.50 5.18 17.58 
48.00 24.29 5.45 2.56 
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13. Subject EEH (65 Y) 

Time, SA cone, SUA cone, mg excreted in urine as 
h J.l.g/ml J.l.g/ml SUA SA SAG 

0.18 28.39 0.56 
0.25 36.82 0.75 
0.53 42.13 1. 75 
0.77 41.86 1. 97 
1.00 40.06 2.30 8.97 0.38 1.20 
1.53 36.55 2.51 
2.00 25.88 0.89 2.87 
3.00 29.10 2.69 
4.00 48.76 2.07 4.87 
5.00 20.10 2.50 
6.00 93.86 2.57 9.36 
7.00 14.13 2.20 
8.00 59.77 0.77 6.23 
9.00 8.84 2.01 

10.00 7.14 1.68 51. 35 0.32 4.68 
24.00 127.48 4.26 8.90 
48.00 22.10 2.27 

14. Subject DEE (66 Y) 

Time, SA cone, SUA cone, mg excreted in urine as 
h J.l.g/ml J.l.g/ml SUA SA SAG 

0.18 23.66 0.99 
0.25 45.56 1. 51 
0.50 54.02 2.05 
0.77 46.69 2.24 
1.00 43.61 2.37 27.52 11.16 2.72 
1.50 40.18 2.63 
2.00 27.59 7.06 1. 28 
3.00 29.77 2.52 
4.00 50.37 6.31 5.85 
5.00 19.49 2.13 
6.00 56.55 8.94 4.93 
7.00 13.17 1.81 
8.00 53.42 1.15 6.24 
9.00 8.02 1. 31 

10.00 6.08 1.18 17.74 1.43 1. 68 
24.00 80.73 9.36 
48.00 11.55 
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15. Subject JWO (67 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h J..Lg/ml J..Lg/m1 SUA SA SAG 

0.17 40.95 0.48 
0.28 52.50 0.91 
0.55 46.14 1.66 
0.75 43.00 1. 75 
1.00 41.02 1. 81 24.42 3.77 5.95 
1.50 34.99 1. 86 
2.00 26.96 4.09 4.49 
3.00 28.54 2.22 
4.00 72.28 2.25 11.06 
5.00 20.13 2.11 
6.00 62.79 2.20 8.75 
7.00 14.74 2.16 
8.00 63.25 0.26 8.26 
9.00 9.77 1. 54 

10.00 7.02 1. 23 44.55 0.44 5.01 
24.00 117.40 12.99 
48.00 13.74 1.02 

16. Subject WJH (71 Y) 

Time, SA cone, SUA cone, mg excreted in urine as 
h J..Lg/ml J..Lg/ml SUA SA SAG 

0.17 54.77 1.11 
0.25 52.93 1.47 
0.50 50.61 2.65 
0.75 46.00 3.22 
1.00 41.36 2.57 25.25 0.18 7.57 
1.50 37.18 3.83 
2.00 32.57 0.12 7.12 
3.00 28.44 4.77 
4.00 75.11 0.20 14.15 
5.00 18.18 4.20 
6.00 70.67 0.15 10.87 
7.00 9.79 3.10 
8.00 61.26 0.10 8.11 
9.00 5.12 2.08 

10.00 3.65 1.41 47.00 4.99 
24.00 0.75 61.94 0.34 11.73 
48.00 26.13 5.29 
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17. Subject HTO (74 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h J.Lg/ml J.Lg/ml SUA SA SAG 

0.18 40.18 1.03 
0.25 46.31 1. 38 
0.50 47.80 2.09 
0.75 38.94 2.35 
1.00 36.87 2.65 25.76 2.13 2.89 
1.50 33.89 2.98 
2.00 32.11 2.17 2.55 
3.00 25.36 3.35 
4.00 77 .31 2.29 5.29 
5.00 18.42 2.83 
6.00 72.74 2.61 4.40 
7.00 12.55 2.89 
8.00 56.95 0.19 3.56 
9.00 7.23 1.89 

10.00 6.55 1.66 49.57 0.52 2.80 
24.00 121.41 6.62 
48.00 22.01 13.62 

18. Subject JJS (75 Y) 

Time, SA conc, SUA cone, mg excreted in urine as 
h J.Lg/ml J.Lg/ml SUA SA SAG 

0.23 47.78 0.47 
0.33 63.45 0.85 
0.53 67.37 1.12 
0.77 61. 90 1. 31 
1.02 57.74 1.48 12.08 . 3.55 3.65 
1. 52 52.16 1. 53 
2.00 18.07 5.58 5.21 
3.00 44.68 1.64 
4.00 53.04 10.96 15.43 
5.00 33.83 1. 61 
6.00 47.73 8.48 11.87 
7.00 25.69 1. 53 
8.00 45.78 14.07 8.12 
9.00 18.67 1. 36 

10.00 15.29 1.04 37.06 10.40 6.71 
24.00 118.56 6.48 22.86 
48.00 22.73 7.20 
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19. Subject MOM (78 Y) 

Time, SA cone, SUA cone, mg excreted in urine as 
h J,Lg/m1 J,Lg/m1 SUA SA SAG 

0.17 10.58 0.18 
0.27 17.04 0.66 
0.50 35.73 1.06 
0.75 46.10 1. 67 
1.00 41.11 1. 83 11.69 0.93 2.72 
1.50 37.87 2.05 
2.00 23.11 1. 53 4.20 
3.00 29.69 2.58 
4.00 32.40 0.82 5.01 
5.00 23.08 2.09 
6.00 30.64 1.14 4.27 
7.00 17.94 2.01 
8.00 40.55 0.94 5.37 
9.00 14.28 2.01 

10.00 12.74 1. 85 52.83 1.14 6.13 
24.00 156.51 2.91 16.62 
48.00 28.22 

20. Subject Cpp (80 Y) 

Time, SA cone, SUA cone, mg excreted in urine as 
h J,Lg/m1 J,Lg/m1 SUA SA SAG 

0.18 31.13 0.48 
0.27 41.63 0.82 
0.50 35.70 1. 38 
0.78 31. 99 1. 83 
1.00 31. 31 1. 99 11.60 1. 25 2.63 
1. 52 29.47 2.27 
2.00 21. 89 1. 56 3.87 
3.00 25.01 2.67 
4.00 19.49 1.66 2.95 
5.00 J.8.50 2.63 
6.00 42.89 7.29 5.48 
7.00 12.25 2.12 
8.00 47.78 5.31 6.11 
9.00 10.33 1. 95 

10.00 7.63 1. 69 45.43 3.11 5.62 
24.00 267.42 5.54 29.80 
48.00 10.00 0.85 
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21. Subject OBB (83 Y) 

Time, SA conc, SUA conc, mg excreted. in urine as 
h tLg/m1 tLg/m1 SUA SA SAG 

0.17 54.11 0.67 
0.25 66.39 1.08 
0.50 58.87 1. 98 
0.75 54.36 2.47 
1.00 50.62 2.59 9.80 1. 33 2.53 
1.50 43.88 3.08 
2.00 23.73 1.60 5.21 
3.00 38.67 3.93 
4.00 39.87 1.48 7.53 
5.00 28.42 3.69 
6.00 54.97 1.01 9.62 
7.00 20.26 3.12 
8.00 42.57 1. 70 6.34 
9.00 15.44 3.09 

10.00 13.46 2.90 39.95 0.65 5.62 
24.00 0.83 0.37 140.01 5.25 12.16 
48.00 18.99 2.84 

22. Subject LEE (85 Y) 

Time, SA conc, SUA conc, mg excreted in urine as 
h JLg/m1 JLg/m1 SUA SA SAG 

0.20 41.85 0.80 
0.28 52.39 1.41 
0.52 68.37 1.84 
0.75 615.62 2.27 
1.00 60.92 2.39 18.08 0.62 3.41 
1.50 53.51 2.51 
2.00 21. 21 2.18 3.39 
3.00 46.37 2.84 
4.00 50.82 1. 37 7.27 
5.00 34.89 2.90 
6.00 71.57 0.94 10.20 
7.00 24.14 3.08 
8.00 52.67 0.17 7.42 
9.00 17 .98 2.33 

10.00 15.58 2.37 54.56 0.36 6.39 
24.00 0.97 0.31 149.44 1. 38 14.30 
48.00 20.03 1. 91 2.59 
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