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Descrição do Produto


American Journal of Hematology 16:15-21 (1984)



Effect of a Perfluorocarbon Emulsion (Fluosol-DA) on Reticuloendothelial System Clearance Function Oswaldo Castro, Aleta E. Nesbitt, and Denise Lyles Departments of Medicine and Pediatrics and Center for Sickle Cell Disease, Howard University College of Medicine, Washington, DC To study the effect of a perfluorocarbon oxygen transport emulsion (Fluosol-DA) on reticuloendothelial system (RES) function, we measured the blood clearance of human erythrocytes transfused to rats. Compared with saline treatment, Fluosol-DA at 30 ml/kg doses significantly increased both the percent 20-hour blood recovery (mean 8.9% f 2.7 SEM vs 1.3% 0.25 SEM) and 5'Cr t% survival (mean 14.0 hours +. 2.7 SEM vs 3.5 hours 0.33 SEM) of the human red cells. This suppression of RES clearance function was transient and no longer detectable seven days after single Fluosol-DA doses. The Fluosol-DA-induced RES block was about three times greater than that obtainable with 4 g/kg of a soybean oil emulsion used for clinical hyperalimentation. On the other hand, the effect of ethyl palmitate (0.5 g/kg), a potent but toxic RES blocker, was 3.5 times greater than that of Fluosol-DA in this test system. If Fluosol-DA also induces RES block in humans, this emulsion could be explored as a therapeutic RES blocker in certain immune cytopenias.
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INTRODUCTION



Perfluorocarbon emulsions (Perfluorochemicals, PFC) currently are undergoing clinical evaluation as oxygen-carrying red cell substitutes [I]. After intravenous injection, perfluorochemical particles are cleared from the blood and stored within the phagocytic cells of the reticuloendothelial system (RES) [2]. Transient depression of RES phagocytic function has been shown in perfluorocarbon-injected rats [3] with the colloidal carbon clearance method. Preliminary studies in nonhuman primates also suggest that perfluorocarbons inhibit RES function [4].In the present investigation, the intravascular clearance of human erythrocytes transfused to rats is used as a
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means of studying PFC-related RES system depression and its duration. Also, the degree of RES hypofunction induced by single doses of perfluorocarbon is compared with those obtainable by administration of known potent and weak RES blocking emulsions. MATERIALS AND METHODS



The perfluorocarbon emulsion used for these studies was Fluosol-DA 20 % (Alpha Therapeutic Corp., Los Angeles, Calif), which has the following composition: Perfluorodecalin 14% (w/v for all percentage values), perfluorotripropylamine 6 % , Pluronic F-68 2.7%, yolk phospholipids 0.4%, potassium oleate 0.04%, glycerol 0.8%, NaCl 0.6%, KCI 0.034%, MgCI2 0.02%, CaCI2 0.028%, NaHC03 0.21%, glucose 0.18%, and hydroxyethylstarch 3 % . The size of the PFC particles in the emulsion is 0.1 p [ 5 ] .Unless otherwise indicated, Fluosol was injected intravenously at a dose of 30 ml/kg. This is the maximum dose administered to humans, according to a report on 186 cases [6]. As an example of a weak RES blocker, the hyperalimentation fluid Intralipid 20% (Cutter Laboratories, Inc., Berkeley, Calif) was used. The principal fatty acids in this soybean oil emulsion are linoleic acid (50%),oleic acid (26%), palmitic acid (lo%), and linolenic acid (9%). In addition, the emulsion has 1.2% yolk phospholipids and 2.25% glycerol. The size of the emulsified fat particles is 0.5 p . Intralipid was administered as a single 4 g/kg IV dose. This dose was selected because it is the maximum daily amount recommended for clinical use. Furthermore, doses of this magnitude appear to have an inhibitory effect on the RES of laboratory animals [7]. Ethyl palmitate (Eastman Kodak, Rochester, NY), a potent but toxic [8] RES blocking emulsion (particle size about 1 p ) was injected iv at a dose of 0.5 g/kg as previously described [9]. This dose was chosen because it induces maximal RES block and minimal toxicity in rodents [9,10]. The animals used for the RES function experiments were male Sprague Dawley rats weighing 200-400 g (Charles River Laboratories, Wilmington, Mass). The rats were anesthesized lightly with ether for all intravenous injections and cardiac punctures. To prevent massive intravascular hemolysis, all animals received ten anticomplementary units of cobra venom factor intravenously (Cordis Laboratories, Miami, Fla) two hours before injection of the heterologous human red cells. Also, since each Fluosol or Intralipid dose entailed iv injection of a large fluid volume, we removed 15 or 10 mlikg rat blood (respectively) by cardiac puncture immediately before administration of these emulsions. To control for hemodilution and for possible effects of cardiac puncture, experiments in which no Fluosol or Intralipid was given consisted of the iv injection of 20-30 ml/kg of physiologic saline solution immediately preceded by the removal of approximately one half the same volume of rat blood by cardiac puncture. The RES phagocytic function was tested only once in each rat. The test particles were "Cr-labeled, washed human erythrocytes [9] obtained with informed consent from healthy laboratory volunteers. The RBCs were administered intravenously as 0.6-1.8 ml of a physiologic saline suspension (hematocrit approximately 50%) after injection of the rats with Fluosol, Intralipid, ethyl palmitate, or saline. Fifteen minutes after transfusion and at various intervals thereafter, 20 pl of blood was removed from the cut tip of the animals' tails. The blood radioactivity was related to the preinjection
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standard to determine the post-transfusion recovery of the human RBCs. For these calculations, the blood volume of the rats was estimated at 4.98 ml/lOO g [ll]. To compute the t % survival of the transfused RBCs, we used least squares linear regression analysis plotting the logarithm of blood radioactivity on the ordinate and time after transfusion of the abcissa. In some of the Fluosol injected animals, the circulating volume occupied by perfluorocarbon (" fluorocrit") was determined by blood centrifugation in microcapillary tubes using a standard hematocrit centrifuge (IEC, Needham Heights, Mass). Initial measurements indicated that no radioactivity was present in the perfluorocarbon portion of the rats' blood. Most of the radioactivity was red cell bound: Mean plasma 51Cr activity was 12.5% (+ 1.03 SEM) in 70 rat blood samples taken at various intervals post-transfusion. For these reasons, we used whole blood radioactivity in our results without correction for plasma counts. RESULTS



The kinetics of the blood clearance of human red cells in rats are seen in Figure 1. The animals had been treated with 30 d / k g of Fluosol-DA or with an equal volume



0



4



8 12 HOURS



16



20



Fig. 1. Blood clearance of human red cells in rats injected with 30 ml/kg Fluosol (open circles, N = 6) or with an equal volume of physiologic saline (closed circles, N = 9). The ordinate measures human RBC survival expressed as percent of the amount of 51Cr RBCs injected. The abscissa shows time after transfusion. Points are means and bars standard errors.



18



Castro, Nesbitt, and Lyles



of physiologic saline. It can be seen that with this Fluosol dose there is delayed clearance of the human RBCs. The mean tK for Fluosol-treated animals was 14.0 hours compared with 3.5 hours in saline-treated controls (P < .002). Similarly, the 20-hour recovery of human RBCs in the Fluosol animals was 8.9%,and it was only 1.3% in the controls (P < .01). However, the mean recovery of human erythrocytes in the first (15 minutes) post-transfusion sample was lower in the Fluosol group than in the control animals. The reason for this difference is not known. It may be explained in part by a greater blood volume expansion in animals injected with PFC particles relative to that obtained in rats injected with crystalloid (saline). Preliminary studies showed that with lower Fluosol doses, ie, 5,10, and 15 ml/ kg, delayed RES clearance was also detectable. The effect, however, was inconsistent: In the 5 and 10 d / k g dose groups each, only one of three animals showed delayed heterologous red cell clearance, while in the 15 d / k g group, we observed decreased RBC clearance in two of three rats. With the 30 ml/kg dose, the fluorocrits obtained one hour after transfusion ranged between 3.5 and 8%. Based on fluorocrit measurements taken during the first eight hours after transfusion, the intravascular half-life of PFC was estimated to be 7.2-14.0 hours. Figure 2 shows the duration of the RES block effect after single 30 ml/kg Fluosol injections to rats. The ordinate measures the ratio of "Cr human red cell tlh in Fluosol-treated rats related to that in control, saline-injected animals. This ratio was used to decrease variability due to the selection of different human blood sample donors for each set of studies of the duration of RES block. It can be seen that the inhibitory effect of Fluosol on the clearance of human red cells diminishes rapidly so that it was barely appreciable at two days and no longer present seven days after Fluosol injection. The figure also shows the regression line (R = -0.825, P < .Ol) computed from data points obtained up to day two.
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Fig. 2. Duration of RES block after single Fluosol injections (30 ml/kg). The ordinate measures RES block effect as ratio of >'Cr human RBC t % in Fluosol-treated rats relative to that in control animals. Each point represents one transfusion experiment. The RES function was measured only once in each animal. The line was computed by linear regression analysis using the data points for the first two days.
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The effects of Fluosol, soybean oil (Intralipid), or ethyl palmitate on the blood t '/z of human red cells transfused to rats are shown in Figure 3. The Fluosol dose of



6 g perfluorocarbon/kg corresponds to the RES blocking dose of 30 ml/kg described above. The figure shows that, defined as prolongation of heterologous red cell survival, the degree of RES block induced by Fluosol is about three times greater than that observed with Intralipid. Fluosol, however, has a considerably smaller effect than that of the RES blocking emulsion ethyl palmitate. The mean 51Crt% of human RBCs in ethyl palmitate-treated rats was 51 hours compared with 14 hours in the Fluosol-injected animals. The differences between the means of each treatment group were statistically significant at least at the 5 % level. DISCUSSION



These experiments show that, based on inhibition of blood clearance of human red cells in this animal model, Fluosol-DA at therapeutic doses decreases the phagocytic function of the reticuloendothelial system. With single doses, this decrease is transient, being still detectable after two days but no longer present after seven days. Our results differ somewhat from those in which clearance of colloidal carbon was used for measuring RES function [3]. With the latter method, RES block changed
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Fig. 3. Effects of Fluosol, soybean oil, and ethyl palmitate on blood t% of human RBCs transfused to rats. Bars are means and the shaded areas cover one SEM. The t % units on the ordinate are hours. The Fluosol dose of 6 g PFC/kg corresponds to 30 rnl/kg of the suspension.
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considerably with time after Fluosol injection: It was maximal at six hours with a temporary return to normal clearance function 12 to 24 hours later. There was decreased clearance again at two days and four days after Fluosol injection, and no effect was seen at eight days. The differences between these results and ours probably are due to the nature of the test particles used: colloidal carbon vs incompatible red cells. Also, though less likely, the differences could have been due to the lower PFC dose (4.4g/kg) used in the carbon clearance studies [3]. The degree of RES block induced by Fluosol was only moderately greater than that obtainable with soybean oil emulsions. This is important since Intralipid has been in clinical use for several years, and no adverse effects due to decreased RES function have been reported. One might expect, therefore, little or no serious clinical sequelae resulting from a possible RES block induced by single doses of Fluosol in healthy humans. The situation may be different in patients receiving multiple Fluosol doses or in those with massive trauma, in whom even mild degrees of RES block might be clinically significant. We have yet to determine which of the perfluorocarbon emulsion components is responsible for the RES effect. It is known, for example, that the complement (C,) activating effect of Fluosol is not due to PFC but to the emulsion stabilizer Pluronic F-68 [12]. Also, our studies do not prove that the Fluosol effect is on the RES macrophage itself rather than on a plasma opsonizing factor such as fibronectin [ 131. Fluosol induced RES block was considerably lower than that observed with the experimental RES inhibitor ethyl palmitate. Nevertheless, if Fluosol were to induce RES block also in humans, this emulsion could be given experimentally to decrease RES phagocytosis in life-threatening episodes of immune blood cell destruction. The perfluorocarbon-related RES block, measured by the clearance of heterologous red cells, was by no means complete. However, the same degree of RES block could prove more effective in inhibiting the clearance of blood cells coated with autoantibodies or alloantibodies, since in this case incompatibility across species would not be present. Therapeutic RES block has been used successfully to inhibit blood clearance of platelets in patients with antiplatelet antibodies [ 14,151 and in animal models [16]. The blocking agents used in humans were red cell stroma and high dose gammaglobulin [ 14,151. Additional experience on the safety of Fluosol as an oxygen transport fluid in severely anemic patients is likely to become available soon. Finding of decreased RES function in these patients could open the possibility of exploring Fluosol as an alternative RES blocker. ACKNOWLEDGMENTS
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