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Summary Hospital and Medical Center. Between four and nine different 
sera'were used in each experimental protocol. Medical histories 

Cystic fibrosis (CF) and heterozygote sera stimulate a signifi- excluded autoimmune and pulmonary diseases. The blood was 
cant K' em'x from rat submandibu'ar fragments in the allowed to clot at 4'C and after clot retraction. centrifuged at 850 
presence of I mM ouabain. This sensitive parameter can be for min. The was collected in small and 
maximally stimulated by as little as 0.5% CF serum and is inhibited stored in plastic tubes at -700 until used. 

the 'locker D600 and ECTA' S ~ i f i c  Female Wistar rats were overnight, anesthetized with 
blockers propranolol, phenoxybenzamine or atropine do not inhibit ether and sacrificed by cardiac puncture. Tissue fragments were the CF serum-stimulated K+ efflux and agonists do not supramax- minced on dental wax in a fortified Krebs Ringer bicarbonate inally stimulate K+ when added with serum' CF serum- (KRB) medium as previously described (18) The medium consists induced Kf efflux did not result in the leakage of lactic dehydm- (in mM) 17 NaCl; KCl; MISO,; 25 NaHCO:I; KHzP04: genaSe into the bathing media nor did it mimic the action of the 2.5 c a c k ;  10 inosine; 0.5 5 beta-hydroxybutyric acid and cakium iono~hore A23187 when added in the presence of D600' 5 glucose. The medium was gassed with 95% 02-5% C 0 2  at 370C. In addition, ultrafiltrates of CF serum (less than 10,000 daltons) The incubation medium contained I mM ouabain (6, 7, 8, 17, 21, also stimulated K+ efflux from rat submandibular gland tissue 22) except when indicated, 
fragments. Tissue fragments approximately equal to one gland were incu- 

bated in 1 ml of the KRB medium with 10 p1 aliquots taken at 
Speculation specific time intervals. At the end of the experiment, the medium 

Cystic fibrosis serum factor(s) may be altering membrane Was decanted and the tissue fragments blotted, weighed, homog- 

permeability to calcium which results in the release of K+ from rat enized in m1 KRB medium and centrifuged at 1200 g for l o  

submandibular gland fragments. min. Ten p1 aliquots were added directly to 2 ml of the LiCl 
diluent. Sodium and potassium were determined on a Turner 
Model 500 flame photometer using LiCl as an internal standard. 

Cystic fibrosis (CF) is a genetic disease that is characterized by Percent K+ efflux was calculated as the increase in K' concentra- 
an exocrine gland dysfunction (13, 16). CF patients and obligate tion in the incubation medium at a specific experimental time 
heterozygote individuals have a factor(s) in their serum that divided by the K+ concentration of the tissue fragments (6, 22). 
stimulates a ciliary dyskinesia in rabbit tracheal explants (10, 24- The % K+ efflux = (Kt - KO) Vm/(Kh - Kk) Vh x 100. Kt was 
26). We have demonstrated that the ciliary dyskinesia and mucous the potassium concentration at a specific time interval; KO was 
secretion aspects of this reaction are calcium-dependent (2, 3-5). the potassium concentration at time zero; Kh was the potassium 
Other investigators have observed that the CF-serum-stimulated concentration of the homogenized tissue fragments: Kk was the 
mucous secretion (1 1) and the increased ciliary beating frequency potassium concentration of the incubation medium used to ho- 
(26) are calcium-dependent. It was also reported that CF serum mogenize the fragments; Vm was the volume of incubation me- 
stimulates an increase in uptake in rabbit tracheal explants dium plus weight of tissue fragments; and Vh was the volume used 
(5) and in human leukocytes (1). CF fibroblasts have an enlarged to homogenize the tissue fragments plus weight of tissue fragments. 
calcium pool (1, 14) although elevated calcium levels occur in Lactic dehydrogenase (LDH) released into the incubation me- 
some, but not all, exocrine secretions from CF patients (2, 9, 13, dium was measured as a parameter of cell viability. LDH was 
15). determined by following the changes in optical density at 340 nm 

These observations led us to investigate whether CF factor(s) per min. The assay medium consisted of 7.6 mM pyruvate, 0.2 
can stimulate known calcium-mediated secretory parameters in mM NADH and a 20 PI aliquot of medium or supernatant of the 
experimental exocrine gland models. This paper describes our tissue fragment homogenate. A unit of activity was defined as the 
quantitative observations concerning CF serum stimulation of the change in optical density 340 nM per min per ml. Units of LDH 
calcium-mediated potassium (K') efflux from rat submandibular released into the medium were expressed as a % of the total units 
tissue fragments in the presence 1 mM ouabain. found in the tissue fragments at zero time. 

Serum samples were subjected to ultrafiltration through Amicon 

MATERIALS AND METHODS PM 10 filters which exclude molecules greater than 10,000 daltons. 
Samples were filtered using nitrogen gas at 40 psi at 4OC. 

After informed consent, venous blood was drawn from CF- Tissue fragments were prepared and incubated in parallel stud- 
affected patients (n = 25). obligate heterozygotes (n = 11) and ies for ultrastructural analysis. Fragments were gently pipetted 
control individuals (n = 10) at the CF Clinic, St. Vincent's and placed in 3% glutaraldehyde 0.1 M cacodylate buffer at pH 
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7.4 for 2 h at 4°C. Fragments were washed, postfuted in 1% 
osmium tetroxide 0.1 M cacodylate buffer solution, washed, de- 
hydrated, and embedded in epon 812 as previously described (6). 
Sections were cut on a Reichert Ultramicrotome, stained with 
uranyl acetate and lead citrate, and examined in a Siemens 
Elmsiskop 1A electron microscope. 

RESULTS 

Both cholinergic and a-adrenergic agonists stimulate a signifi- 
cant K' efflux from rat submandibular gland fragments that can 
also be stimulated to a lesser extent by ionophore A 23187 in the 
presence of I mM ouabain (6, 7, 17). The addition of control 
serum to the incubation medium in a final concentration of 15% 
did not stimulate a significant increase in basal K+ efflux. How- 
ever, the addition of 15% CF serum stimulated a significant K+ 
efflux above basal in the presence of 1 mM ouabain (Table 1). 
The stimulation of K' efflux was also accomplished by the addi- 
tion of 15% heterozygote serum. 

The concentration of CF serum required to stimulate 50% and 
0% of the biological activity (K' efflux) produced by the presence 
of 15% CF serum was investigated by addition of serial dilutions 
of CF serum to the incubation media in the presence of 1 mM 
ouabain. Concentrations of 10, 5, 1 and 0.5% CF serum from four 
different individuals stimulated K+ efflux equivalent to that ob- 
sewed after the addition of 15% CF serum. Addition of 0.25% CF 
serum stimulated approximately 26% of the K' efflux that was 
produced by the addition of 15% CF serum, whereas 0.1% CF 
serum produced only basal levels of K+ efflux from submandibular 
fragments. Serial dilutions of heterozygote serum (n = 5) produced 
similar results with 0.5% heterozygote serum inducing K' efflux 
equal to that stimulated by 15% heterozygote serum. Because 
small amounts of heterozygote and CF serum were required to 
stimulate K+ efflux from rat submandibular gland fragments, we 
routinely used 5% serum in subsequent experiments. However, CF 
and heterozygote serum did not stimulate K+ efflux with the same 
efficacy as acetylcholine or norepinephrine (Table 2). In addition. 
CF serum did not stimulate a significant K' efflux in the absence 
of the I mM ouabain (Table 2). 

The calcium dependency of CF-serum-stimulated K+ efflux 
from submandibular tissue fragments was probed by addition of 
the slow calcium channel blocker D600 (methoxyverapamil) or 
the chelator EGTA to the incubation medium. D600 (1 mM) or 
EGTA (2 mM) inhibited the K+ efflux normally stimulated by 5% 
CF serum from submandibular gland fragments (Table 2). The 
dose response curve for D600 inhibition of the 5% CF serum- 
stimulated K' efflux indicated that lo-% D600 inhibited 50% of 
the serum activity, 10-% inhibited approximately 25% of the 
serum activity, whereas M D600 did not inhibit the CF- 
serum-stimulated K+ efflux from submandibular fragments (Fig. 
1). D600 also reduced the basal rate of K+ efflux in the presence 
and absence of CF as well as control serum. The calcium iono- 
phore A23 187 stimulated K+ efflux at a similar efficacy as serum 
(Table 2). However, these two stimuli produced divergent results 
in the presence of 1 mM D600. CF serum activity was inhibited 
by D600. However, the addition of A23 187 in the presence of lo-'' 

Table I. Effect of serum on K' gflux from rat submandibular 
gland fragments' 

Serum 
Stimulated % K' efflux 

Basal % K' efflux loo pvalues 

15% control serum 107 f 9 
15% CF serum 195 + 31 0.05 
15% Heterozygote serum 178 + 24 0.05 

' Submandibular gland fragments were used for the determination of 
stimulated % K' emux divided by basal % K+ efflux x 100 after the 
addition of serum to a final concentration of 15%. Values are presented as 
the mean + S.D. of four separate experiments after 20 min in the presence 
of I mM ouabain. Basal K' release after 20 min was 18 f 2.10% (mean 
+ S.D. of the corresponding four experiments). 

Table 2. Effect of serum from normal and CF individuals on K' 
efflux from submandibular gland fragments1 

5% 
Control 5% CF 

Treatment Control serum serum 

Blank Basal 108 f 6 168 f 15' 
20 pM acetylcholine 208 f 5:' 210 + 21 216 + 18 
20 pM norepinephrine 218 + 7" 220 k 25.' 210 + 13 
I mM D600 (methoxyverapamil) 96 + 6 97 + 10 95 + 16 
2 mM EGTA 8 8 + 8  104+9  9 8 + 0 9  
20 pM Atropine 93 + 7 92 + 8 182 + 6" 
20 pM Phenoxybenzamine 91 + 7  92 f 8 180+6" 
20 pM Propranolol 98 f 7 110 + 6 170+ 19" 
D600 (methoxyverapamil) + 316 f 11'' 

Ionophore A23 187 
Ionophore A23 187 5 pg/pI 159 + 29' 
Ethanol 102 -t 17 
Blank minus ouabain 8 8 f 2  9 7 + 4  

I Values expressed in this table are mean + S.D. of the stimulated % KK' 
efflux divided by basal % K' efflux x 100 after 20 minutes. The results are 
derived from four to nine separate experiments. 
' P value, 0.05. 

P value, 0.025. 

B a s a l  l e v e l  
o f  secretion 

-LOG D - 6 0 0  C O N C E N T R A T I O N  ( M I  

Fig. I. Net K+ efflux stimulated by 5% CF serum in the presence of 
various concentrations of D600 with 100% equal to the K' efflux induced 
by 5% CF serum without the addition of D600. The values represent the 
mean + S.D. of three separate experiments. 

M D600 generated a supramaximal Kt efflux from submandibular 
fragments (Table 2). 

The calcium-dependent K' efflux has been extensively studied 
in parotid and submandibular gland fragments (17-22). Potassium 
efflux from both systems is induced by neurohumoral agonists 
(Table 2) (7, 8, 17-21). Specific receptor antagonists were added 
to block alpha adrenergic, beta adrenergic and cholinergic recep- 
tors to determine whether the CF serum stimulation of K' efflux 
was produced by elevated levels of neurohumoral agonists in sera. 
Propranolol, phenoxybenzamine and atropine were added to the 
medium at a final concentration of 2 x 10-% (6-8, 17-21) in an 
attempt to inhibit serum-stimulated K' eflux. These antagonists 
did not inhibit the CF-serum-stimulated K' efflux (Table 2). 

We also tried to determine if the addition of CF serum or 
control serum could produce a supramaximal stimulation when 
added together with 20 pM norepinephrine or acetylcholine. Nei- 
ther CF nor control serum produced a supramaximal K' efflux in 
the presence of agonist (Table 2). 

Ultrafiltrates of CF serum have been reported to have biologic 
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activity (10). Serum was passed through an Amicon PMlO filter 
at 4°C using nitrogen at 40 psi. These filters exclude molecules 
greater than 10,000 daltons. Ultrafiltrates of CF and control serum 
were added to the medium bathing rat submandibular gland 
fragments at a final volume of 5%. The ultrafiltrates of CF-sera- 
stimulated K' efflux at the same rate and magnitude as CF serum 
(Table 3), whereas control ultrafiltrates produced K' efflux only 
at basal levels. 

Release of a cytoplasmic enzyme lactic dehydrogenase (LDH) 
into the incubation media as well as ultrastructural morphology 
were used as parameters of cell viability. LDH release into the 
incubation media was reported as a % of total tissue LDH. Leakage 
of LDH into the incubation media was between 2-3% of the total 
tissue LDH after 20 min of control incubation and did not 
fluctuate with the addition of either control or CF serum. Ultra- 
structural examination of tissue fragments after 20 min of incu- 
bation in control or CF serum did not indicate tissue damage. 
There was no membrane blebing, changes in mitochondria1 den- 
sity, cytoplasmic density, or swelling of the endoplasmic reticulum. 
However, after incubation with 5% CF serum, vacuoles did appear 
in golgi region of the acinar cells (Fig. 2a and b). These changes 
were similar to previous observations of vacuole formation after 
K' efflux due to stimulation with 20 pM acetylcholine or norepi- 
nephrine in submandibular gland and parotid fragments (6, 21). 

DISCUSSION 

CF and heterozygote serum and their ultrafiltrates clearly stim- 
ulated K+ efflux from rat submandibular gland fragments. Very 
small concentrations of serum were required to stimulate K+ efflux 
indicating that this parameter is sensitive for the detection of CF 
serum factors. 

The CF-serum-stimulated K+ efflux did not appear to be a 
function of cell damage. Potassium efflux was not accompanied 
by a release of the cytoplasmic enzyme, lactic dehydrogenase, into 
the incubation medium nor by the ultrastructural changes that are 
indicative of cell damage. Ultrastructural analysis did indicate the 
presence of cytoplasmic vacuoles confined to the acinar cells. 
These vacuoles were similar to vacuoles that have been described 
as the morphologic correlate of agonist-stimulated K+ efflux in 
the parotid and submandibular gland fragments (6,21). However, 
CF-serum-stimulated K+ efflux was not the result of elevated 
levels of agonist in the serum, because it was not inhibited by the 
addition of the appropriate receptor antagonists. 

CF serum is known to stimulate the ciliary dyskinesia reaction 
in rabbit tracheal epithelium. This reaction consists of an initial 
increased frequency in the ciliary beating pattern (25, 26) and a 
subsequent dyskinesia that is accompanied by mucous secretion 
(4, 10, 11, 16, 25). Our laboratory has observed a calcium depend- 
ence in the ciliary dyskinesia reaction accompanied by an increase 
in 45Ca" uptake (5). Others have observed a calcium dependence 
in the increased frequency of the ciliary beating pattern (26) and 
the mucous secretion (1 I) aspects of this reaction. Altered calcium 
metabolism has been studied extensively in relationship to CF. 
Several exocrine secretions, including saliva and tears have ele- 
vated calcium concentrations (2, 9, 13, 15). The submandibular 

Table 3. Effects of ultrafiltrates on K +  efflux from rat 
submandibular pland frapments' 

Stimulated % K' emux 
x I00 

Treatment Basal % K' efflux P values 

Blank 
PM I0 control serum 99 + 3 
PMlO CF serum 150 * 10 0.025 

Fig. 2. a, Electron micrograph from rat submandibular gland liag- 
ments incubated for 20 min with 5% control serum. The acini are normal 
with no changes in nuclei (N), golgi apparatus (g) and secretory granules 
(S). (~4500) .  b, Electron micrograph from submandibular fragments in- 
cubated with 5% CF serum for 20 min. There are numerous vacuoles (V) 
in the golgi region of the acinar cells (x5100). 

' Values in this table represent the mean -t S.D. of stimulated % K+ 
emux above basal % K+ efflux x 100 after 20 min in four different 
experiments. Serum from control and CF individuals were filtered through 
Amicon diaflo PMlO membranes at 40 psi and 0°C. Ultrafiltrates were 
added to a final concentration of 5%. The CF serum samples used in this 
experiment were from different donors than those used in Table 1 .  

gland saliva from CF patients is often turbid due to an increase in 
the calcium and protein concentrations which form a calcium- 
protein complex that can be reversed by calcium chelation (13, 
15). However, several CF exocrine secretions, including sweat 



226 BOGART ET AL. 

(12). do not have elevated Ca++ levels. A clinically altered systemic components of submandibular saliva in cystic fibrosis. Arch. Dis. Child.. 48: 
267 (1973). does appear be the deficit in cystic 3. Bogart, B. I.. Conod. E. J. and Conover, J. H.: The biological activities of cystic 

fibrosis (12, 13) even though changes in calcium concentrations fibrosis serum. The effects of cystic fibrosis sera and calcium ionophore A23 187 
do appear in many CF secretions. Potassium efflux from subman- on rabbit tracheal experiments. Pediatr. Res.. 11: 131 (1977). 
dibular and parotid gland fragments is calcium-dependent when 4. Bogart, 8 .  I., Conod, E. J., Gaerlan. P. and Conover, J. H.:  The biological 

stimulated by agonists (6-8, 17-21). The CF serum stimulation of activities of cystic fibrosis in serum. 11. Ultrastructural aspects of the effects of 
cystic fibrosis serum and calcium ionophore A23187 on rabbit tracheal ex- K' efflux also appeared to be calcium dependent, inasmuch as it plants. Pediatr. Res., 12: 15 (1978). 

was effectively inhibited by both the slow calcium channel blocker 5. Bogart, B. I., Conod, E. J., Gaerlan, P. F., Denning. C. F. and Conover. J. H.: 
D600 and the chelating agent EGTA. CF serum did not appear to Biological activities of cystic fibrosis serum. III. CF serum induced uptake of 

':'Ca" by rabbit tracheal explants. Biophys. Res. Common., 88: 1398 (1979). act as an ionophore Or carrier in the membrane' This is 
6. Bogart. B. I. and Picarelli, J.: Agonist-induced secretion and potassium release 

evident by the divergent activities produced by CF sera and from rat submandibular gland slices. Am. J. Physiol.. 235: C256 (1978). 
ionophore A23 187 in the presence of D600. Both ionophore 7. Bogart, B. I., Picarelli. J., Gaerlan, P. and Denning. c.: In: Perspectives in cystic 
A23 187 and CF serum produced K' efflux when added individ- Fibrosis: Proceedings of the 8th Congress on ~ y s t ~ c  Fibrosis. J. Sturgess. Ed. p. 

26. (Toronto, Canadian Cystic Fibrosis Foundation 1980). ually' D600 inhibited the CF-serum-generated K' efflux' whereas 
8. Butcher, F. R.: In Advancesin Cyclic Nueleotide Research. George. W. J., Ignarro, it potentiated an ionophore A23187-stimulated K' efflux. D600 L. J. Eds., Vol. 9, p. 707. (Raven Press, New York 1978). 

blocks the calcium channel in excitable tissue. At these COnCentra- 9. Botelho, S. Y., Goldstein. A. M. and Rosenlund, M. L.: Tear sodium, potassium. 
ti0ns D600 is thought to block receptor activation but not to block chloride and calcium at various flow rates in children with cystic fibrosis and 

calcium channel activation in nonexcitable tissues (19). However unaffected siblings with and without corneal staining. J. Pediatr.. 83: 601 
(1973). D600 does not activation of receptors such as the 10. Conover, J. H., Bonforte, R. J., Hathaway. P.. Paciuc. S., Conod. E. 1.. Hirshorn. 

receptors for substance P (26). It still appears that calcium is K. and Kopel, F. B.: Studies on ciliary dyskinesia factor in cystic fibrosis. 1. 
required during the serum-stimulated K+ efflux since addition of Bioassay and heterozygote detection in serum. Pediatr. Res.. 7: 220 (1973). 

EGTA inhibited this activity. calcium may be the 11. Conover. J. H. and Conod. E. J.: The influence of cystic fibrosis serum and 
calcium on secretion in the rabbit tracheal muco ciliary apparatus. Biochem. final step or final common pathway in a series of membrane- Biophys. Res. Commun., 83: 1595 (1978). 

related changes induced by CF serum or agonist which result in 12. Dearborn. D. G.: In: Cystic Fibrosis Projections into the Future. Mangos, J .  A.. 
K' efflux. Talamo, R. C., Eds. p. 179. (Stratton Intercontinental Medical Book Corp.. 

New York 1976). we observed that 'llabain is required 
13. di Sant'Agnese, P. A. and Davis. P. A.: Research in cystic fibrosis. N. Engl. J. 

serum-stimulated K+ efflux but not during agonist-stimulated K Med.. 295: 48 I (1976). 
efflux. We initially included ouabain in Our K' efflux protocol 14. Feigal, R. J. and Shapiro, B. L.: Altered intracellular calcium in fibroblasts from 
after we observed that the sustained phase of agonist-induced K+ patients with cystic fibrosis and heterozygotes. Pediatr. Res.. 13: 764 (1979). 

efflux was unmasked by ouabain (6). subsequently, we sought to 15. Gugler, E.. Pallavicini, C. J., Swerdlow, H. and di Sant'Agnese, P. A,: The role 
of calcium in submaxillary saliva of patients with cystic fibrosis. J. Pediatr.. 71:  measure serum-stimulated K' efflux in the absence of ouabain 585 (1976). 

and found that CF serum produced only basal levels of efflux. It 16. Lobeck, C. c.: In: Metabolic Basis of Inherited Disease. Stanbury. J B.. Wyn- 
is the sustained phase of agonist-stimulated K' efflux that is gaarden, J. B., Frederickson. D. S. Eds. Edition 3. p. 1650. (McGraw-Hill. New 

York 1972). dependent On extracellular (7' 18' 19)' Another 
17. Martinez, J. R. and Quissel, D. 0.: Potassium release from the rat submaxillary 

is that the K' efflux stimulated by CF serum in the absence of gland in vitro. 11. Induction by parasympathomimetic secretagogues. J. Phar- 
ouabain may be of insufficient magnitude to alter the steady state macol. Expt. Therap.. 199: 518 (1976). 
between K+ efflux and K' influx resulting from the activation of 18. Putney, I. W., Jr.: In: Calcium in Drug Action. Weiss. G. I. Ed.. p. 173. (Plenum 

Press, New York 1978). the Na'-K' pump' Even in the presence of ouabain' the 
19. Putney, J. W., Jr.: Stimulus-permeability Coupling: role of calcium in the receptor 

K' efflux produced by CF serum is of a smaller magnitude than regulation of membrane permeability. Pharmacological Reviews. 30: 209 
that stimulated by acetylcholine. In addition, other leak-pump (1978). 
and exchange systems, resulting from the elevated cellular levels 20. Rasmussen, H. and Goodman. D. B. P.: Relationships between calcium and 

cyclic nucleotides in cell activation. Physiol. Reviews. 57: 421 (1977). 
of sodium produced by ouabain' may be at level in 

21. Schramm. M. and Selinger Z.: The functions of cyclic AMP and calcium as the CF serum stimulation of K' efflux (19, 20). These results are alternative second messengers in parotid gland and pancreas. J. Cyclic Nucleo- 
similar to the observation by Seale et al. (23), who did not observe tide Res., 1: 181 (1973). 
a CF serum K' efflux from a dispersed acini preparation in the 22. Schramm, M. and Selinger, Z.: In: Methods in Enzymology. Hardman. J. G.  and 

absence of ouabain. B. W. O'Malley, Eds.. Vol. 39, p. 461. (Academic Press. New York 1975). 
23. Seale. T. W.. Flux. M.. Rennert. 0 .  M.. Quissell. D. 0 . .  Banen. K. A. and We cannot directly extrapolate from our results to patient Lafferty, J. N.: Cystic Fibrosis factors: Effect of serum on the secretory response 

pathophysiology. However, these results indicate that CF serum of dispersed rat submandibular cell. Pediatr. Res.. 14: 1398 (1980). 
may alter membrane permeability to calcium which, in turn, could 24. Spock, A., Heick, H. M. C., Cress. H. and Logan. W. S.: Abnormal serum factor 

in patients with cystic fibrosis of the pancreas. Pediatr. Res.. 1: 173 (1967). produce activity in some that are 
25. Wilson, G. B. and Fudenberg, H. H.: Studies on cystic fibrosis using isoelectric acutely exposed to this factor. In addition, because very small focusing. An assay for detection of cystic fibrosis homozygotes and heterozygote 

concentrations of CF serum are required, K+ efflux, or possibly carriers from serum. Pediatr. Res., 9: 635 (1975). 
some other calcium-mediated secretory parameter, could be uti- 26. Verdugo. P., Hinds. T. R., Vincenzi, F. F.: Laser light-scattering spectroscopy: 

lized as a sensitive assay in future isolation and characterization preliminary result on bioassay of cystic fibrosis factor(s). Pediatr. Res.. 13: 13 1 
(1979). studies of CF factor from known sources of serum. 27. Requests for reprints should be addressed to: Dr. Bruce Bogart. Department of 
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