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Peritoneal dialysis provides a convenient means of 
administering calcitriol. We investigated in vitro the efficiency 
with which this approach would deliver the drug to patients. We 
used an injectable preparation of calcitriol, Calcijex&reg; (Abbott 
Laboratories, Montreal, Quebec, Canada), which we radiolabelled 
by adding radioactive 1,25dihydroxyvitamin D3 to it. The 
preparation was injected into dialysis bags and drained through 
appropriate tubing to monitor delivery of the radiolabelled 
calcitriol. By 2 h after injecting calcitriol into dialysis bags, 50% 
of the dose was left in the fluid, by 20 h only 26% was left. The 
delivered drug was pure 1,25-dihydroxyvitamin D3 based on 
chromatographic analysis of the recovered radiochemical. To 
study what would happen if the drug was in the bag for a minimal 
length of time the calcitriol was injected immediately prior to 
draining the fluid. We recovered 62.9% &plusmn; 5.2% SD of the 
dose from the tubing which would theoretically have entered a 
patient. There was no significant change in calcitriol dose 
delivered if the fluid was warmed to 37°C prior to injecting the 
drug and immediate drainage of the bag. 
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R enal osteodystrophy results from disturbances in calcium 
homeostasis brought about by a number 

of abnormalities including phosphate retention, hy -
perparathyroidism, hypocalcemia, skeletal resistance to PTH, and 
low circulating levels of calcitriol (1,25(OH)2D3). Despite 
improvements in the treatment of chronic renal failure, prevention 
and treatment of renal osteodystrophy in children is often un-
satisfactory .Hyperparathyroidism can be suppressed with 
calcitriol. Recent evidence shows that calcitriol given parentally 
suppresses the parathyroid gland more effectively than if it is 
given orally (1, 2). Based on these reports, some nephrologists 
have begun treating renal osteodystrophy with parenteral calci-
triol. However, before such treatment is adopted it is 
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important to know how much of the drug is actually 
delivered to the patient. 

Secosteroids like calcitriol are fat soluble and have 
limited solubility in aqueous media. The vinyl and 
plasticizers in the bags and tubing used in peritoneal dialysis 
might extract calcitriol from aqueous fluid and prevent it 
from reaching the patient. In this article we report on the 
efficiency with which radiola belled calcitriol ( [3H] -1,25( 
OH)2D3) is delivered through bags and tubing used for 
peritoneal dialysis. 

METHODS 

We tested the products of two manufacturers. With 
Dianeal&reg; fluid we used the Travenol, Extended Life, 
CAPD Solution Transfer Set with a locking connector and 
120 cm of tubing (Baxter Inc., Canada, No. 5C4155). With 
Inpersol&reg; fluid we used the InpersolCAPD System 1 
Administration Set B (Abbott Laboratories, Montreal, 
Quebec, Canada, No.21802). Each bag and tube was used 
only once. 

Radiolabelled calcitriol (1,25-dihydroxy [26,27 methyl-
3H]-cholecalciferol, 176 Ci/mmol from Amersham, 
Oakville, Ontario, Canada) was purified by highpressure 
liquid chromatography, evaporated to dryness under 
nitrogen, and dissolved in CalcijexTM (1 &mu;g/mL, 
Abbott Laboratories, North Chicago, IL) to yield 0.5 
&mu;Ci/ &mu;g calcitriol. We used 0.5 mL tuberculin 
syringes (Becton-Dickinson No.5620, Rutherford, NJ) to 
inject 0.5 mL of the mixture of [3H]-1,25(OH)2D3 and 
CalcijexTM into the injection port of each bag. The syringe 
was rinsed twice with fluid before withdrawing the needle 
from the injection port and we mixed the fluid in the bag for 
10 to 20 seconds. 

EFFECT OF TIME ON THE LOSS OF [3H]-
1,25(OH)2D3 FROM 2.5% DIANEAL&reg; 

For this part of the experiment we used a cycler unit 
(PAC-X, Baxter-Travenol), as in continuous cycling 
peritoneal dialysis (CCPD). The bag was hung at room 
temperature overnight and 1 mL aliquots were drawn at 
various times over a 21-h period. The fluid 
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was drained by pumping through the cycler, first from the 
dialysis bag into a room-temperature heater bag; 
immediately afterwards the fluid was pumped into a 
collection bottle placed at the tubing outlet through which 
the fluid would enter a patient. The experiment was 
repeated in a modified form. This time we studied what 
happened when the dose was injected into the Dianeal&reg; 
bag and the fluid immediately pumped by the cycler unit 
into the heater bag which was warmed to 37°C and where 
the fluid dwelled for 90 min after which it was pumped into 
a collection bottle as above. 

COMPARISON OF DIFFERENT APPROACHES 
TO RAPID 
DELIVERY 

For this part of the experiment we did not use the cycler; 
instead, the bags of dialysis fluid were drained by gravity 
through the appropriate tubing at lOO to 200 mL/min 
(circumventing the cycler and dwell times). The flow was 
adjusted approximately with the flow regulator on the 
tubing. The effluent was collected in individual amber glass 
bottles to which we had added 1.0 mL polyoxyethylene 
sorbitan monolaurate (i.e., Tween 20 from Sigma Chemical 
Co., St. Louis, MO), a nonionic detergent that keeps the 
calcitriol in solution and prevents adsorption onto the glass 
bottle used to store the effluent from the time of collection 
until aliquots of the fluid could be taken to measure the 
radioactivity. Some of the bags of fluid were preheated to 
approximately 37°C using a microwave oven prior to 
injecting the labelled calcitriol, all other bags of fluid were 
at room temperature. 

ANALYSIS OF 

SPECIMENS 

The counts per minute (cpm) of radioactivity were 
measured in 4.0-mL aliquots of the delivered dialysis fluid. 
This was counted in 16 mL of Beckman HP scintillation 
cocktail (Beckman, Galway, Ireland) in a Beckman LS6800 
counter and the cpm was adjusted for the total volume of 
fluid delivered. As the standard for 100% recovery we 
counted 25 &mu;L aliquots of the tracer-Calcijex 
preparation in 20-mL scintillation vials to which we also 
added 4 mL Dianeal&reg; to equalize quenching of the 
radioactivity measure; since 500 &mu;L labelled Calcijex 
were injected per bag, 100% re covery was as follows: 

100% recovery 

= (cpm per 25 &mu;L labelled Calcijex) X 20. 

Dianeal&reg;, InpersolTM, and water all produced 
identical quenching of the tritium count. In order to verify 
accuracy of the method used to determine percentage 
recovery, we injected the labelled drug mixture into exactly 
250 mL water in a glass volumetric cylinder containing 1 
mL Tween detergent. After correcting for the 1 mL Tween, 
we recovered 100% &plusmn; 3% (SD, n = 6) of the label. 
Under these ideal conditions all the [3H]-1,25(OH)2D3 was 
accounted for in the aqueous medium as should be 
expected. Statistical comparisons were made using the two-
tailed Student's t test. 

CHROMATOGRAP

HY 

The dialysis fluid was extracted twice with ether and 
evaporated to dryness under nitrogen. Part of the extract 
was applied to a Zorbax-SIL high-pressure liquid 
chromatography (HPLC) column eluted with hexane: 
isopropanol (90:10) at 1.5 mL/min. This system separates 
the known metabolites and oxidation products of 
1,25(OH)2D3 (3). 

RESULTS 

EFFECT OF TIME ON THE LOSS OF [3H]-1,25(OH)2D3 
FROM 2.5% 
DrANEAL&reg; 

Figure 1 shows results obtained for Dianeal kept at room 
temperature overnight. By 2 h after injection, only 50% of 
the dose was left in the aqueous phase; by 20 h, 26% 
remained. After a rapid passage through the Cycler unit, the 
fluid was collected from the end of the tubing that would 
theoretically connect to the patient. Only 21% of the dose 
injected to the bag was delivered. Figure 2 illustrates the 
results obtained without a prolonged period of calcitriol 
storage in the bag of Dianeal&reg; but with a dwell period 
of 90 min in the heater bag at 37°C. Only 23% of the dose 
injected into the Dianeal&reg; bag would have been 
delivered into a patient. Some calcitriol remained in the 
small amount of fluid left in the dead space of the bag and 
tubing but most of the loss of calcitriol must have been due 
to uptake by the vinyl. The [3H]-1,25(OH)2D3 that was 
delivered in both of these experiments showed no signs of 
degradation because all the recovered radioactivity eluted 
from an HPLC column as one peak at the position of 
calcitriol (Figure 3). 
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COMPARISON OF DIFFERENT APPROACHES 
TO RAPID DELIVERY 

These results are shown in Table 1. With immediate drainage, 
overall delivery of label through the CAPD sy stems was 62.9% 
&plusmn; 5.2% (SD, n = 14). We did not find significant 
differences in the efficiency of delivery between the brand or 
volume of the dialysis bag. There was no significant difference in 
delivery of the tracer between the bags that were prewarmed 
versus those at room temperature. As an indication of how much 
fluid remains in the dead volume of the two brands of bags and 
tubing tested as well as the reproducibility of volume delivered, 
Dianeal&reg; bags with a nominal volume of 300 mL had total 
volume in the bag of 320 mL and we collected 301.6 &plusmn; 
3.6 mL (SD, n = 6). For Inpersol bags with a nominal volume of 
250 mL total volume was 270 mL and we collected 254.2 
&plusmn; 5.1 mL (&plusmn;SD, n = 6). 

DISCUSSION 

The present results emphasiz e the importance of minimizing 
the length of time that calcitriol is kept in an aqueous medium. 
Although calcitriol is not broken down, it is lost from the dialysis 
fluid progressively with time. Our results show that injection of 
the drug into the bag and immediate drainage into the peritoneal 
cavity as was done by Delmez et at. (2) reproducibly provides 
almost two-thirds of the dose of calcitriol injected into the dialysis 
bag. Furthermore, delivery is not significantly affected by the 
brand of dialysate or bag or whether the fluid is warmed to 37°C 
so long as the calcitriol is added immediately prior to infusion into 
the patient. Salusky et at. (4) recently reported that there was no 
difference in the bioavailability of calcitriol given orally or 
intraperitoneally. This is surprising in view of the greater potential 
for degradation of calcitriol in the intestine. Low bioavailability of 
peritoneal calcitriol can be accounted for at least in part by the 
present results which show that an appreciable portion of the calci 

triol dose administered to the peritoneal dialysis bag is lost 
extracorporeally. The bioavailability of calcitriol should be 
evaluated according to the dose that actually enters the 
patient. 

Vitamin D metabolites are known to adsorb onto glass; 
however, with vinyl and plastic materials they also 
penetrate the walls of the bag and tubing. Consequently, 
calcitriol could not be completely recovered from these 
materials by washing with organic solvents unless the vinyl 
is at least partially decomposed. 

The loss of calcitriol from the dialysate to the container 
and tubing is a physiochemical phenomenon that can be 
influenced by many variables. These variables include the 
ratio of contact surface to fluid volume, the temperature, the 
concentration of calcitriol, the composition of the container, 
and the fluid and the length of contact. In practice we are 
restricted to using certain products and procedures. The 
only variables that we can reasonably adjust are the timing 
of when to inject the calcitriol into the bag and at what 
temperature. Because the absolute temperature scale 
governs reaction rates, the expected rate of loss of calcitriol 
at 37°C is 4 to 5% higher than at room temperature. This is 
a small difference in relation to other variables like the flow 
rate of the solution through the tubing. To demonstrate the 
temperature effect statistically would have required a larger 
sample size than was used here. Most of the difference in 
rate of loss of calcitriol in the 37°C heater bag compared to 
the room-temperature Dianeal&reg; bag (Figures 1 and 2) 
was likely due to the higher ratio of surface contact to 
volume for the heater bag which lies flat on a heating 
element to maximize heat transfer. The amount of calcitriol 
used clinically is so minute that it is highly unlikely that it 
could saturate the bag and tubing. We speculate that much 
of the loss of calcitriol occurs during passage through the 
tubing because this is where surface contact is highest. We 
did not study the effect of flow rate through the tubing 
because it did 
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