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OBJECTIVE: The aim of this study was to investigate the diarrhea. (Am J Gastroenterol 1999;94:3267-3273. © 1999
safety and effectiveness of orally administered SP-303 iy Am. Coll. of Gastroenterology)
patients with AIDS and diarrhea.

MErHO_DS: This is a multicenter, phase Il, rand.o.mized, _dOU'INTRODUCTION

ble blind, placebo-controlled study. HIV-positive subjects

with a history of a CD4 count200 or an AIDS-defining Diarrhea is a frequent problem among patients infected with
iliness were admitted to an inpatient study unit and screened!V-1 (1). Before the introduction of HIV-1 protease in-
for diarrhea defined as at least three abnorreal, (oft or  hibitors, infectious causes were identified in approximately
watery) stools and>200 g of abnormal stool weight over a two-thirds of diarrheal episodes (2). Although the incidence
24-h period. Subjects discontinued all antidiarrheal agent§f pathogen-associated diarrhea may be decreasing after
>24 h before enroliment. Stool samples were studied foPlighly active antiretroviral therapy (HAART) (3-5), many
routine pathogens. Subjects received 500mugof SP-303 patients with AIDS continue to have chronic diarrhea with
or placebo evar6 h for 96 h (4 days). Stool frequency and "© identifiable pathogen despite an extensive evaluation (6).

weights were recorded. Subjects were monitored for symp- S°me of these patients may have unidentified pathogens,
HIV-associated enteropathy, or medications as causes of

toms and side effects and were seen 1 wk later in follow-up. X i ,
diarrhea (7). In some studies, 30% of patients taking pro-
RESULTS: A total of 26 subjects received SP-303, and 25tease inhibitors experienced mild to severe diarrhea (8). In
received placebo. There were no significant demographiaddition, the prevalence of diarrhea during HAART therapy
differences between treatment arms. A total of 41 subjectesnay be underreported because of embarrassment and the
(80%) were receiving antiretroviral therapy and 39 subjectwidespread use of prescription and over-the-counter anti-
(77%) were receiving at least one protease inhibitor. Stootliarrheal medications. Regardless of the cause, diarrhea has
studies revealed no pathogens in 48 of 51 patients (94%Jesulted in decreased quality of life (9, 10) and significantly
There were no serious adverse events or laboratory abnogreater economic costs (10) for affected patients with AIDS
malities. The SP-303 treatment group demonstrated a meawhen compared to those without diarrhea. Therefore, eval-
reduction from baseline stool weight of 451 g/24drsus  uation of effective treatments for diarrhea in patients with
150 g/24 h with p|aceb0 on day 4 of treatmept:( 014)’ AIDS is important for quallty of life issues as well as
and a mean reduction in abnormal stool frequency of thre@utritional concerns.
abnormal stools in 24 kersustwo in 24 h in the placebo ~ SP-303 (Provir) is a proanthocyanidin oligomer that has
group @ = 0.30). Daily measures analysis over 4 days ofbeen isolated and purified from the latex@foton lechleri

treatment demonstrated that SP-303 subjects had a signifi@mily Euphorbiaceal This plant species is widely dis-
cant reduction in stool weighip(= 0.008) and abnormal tributed throughout Western Amazonian South America

stool frequency ff = 0.04) when compared to placebo- (11)_. The re_d,_viscous Iatgx fro_m thi; plant i_s Widely_ known
- for its medicinal properties, including relief of diarrhea
treated subjects. ) . . .
(12-15). According to ethnobotanists who have interviewed
CONCLUSIONS: SP-303 is safe and well tolerated. Theseindigenous populations using this plant product, side effects
results suggest that SP-303 may be effective in reducingre minimal after routine oral use (15, unpublished obser-
stool weight and frequency in patients with AIDS and vations). Although the precise cellular mechanism of SP-
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303 action remains to be fully elucidated, it has been foundnore abnormal bowel movements documented during the

to decrease chloride ion secretion in gastrointestinal tradbaseline 24-h period were randomized into one of two

cells (16). groups; study medication was prepackaged in a blinded,
In the current study, we investigated the safety and effirandomized fashion using a table of sequential random

cacy (as measured by a decrease in stool weight and abngiumbers. Subjects were administered two capsukeson-

mal stool frequency) of SP-303 in the treatment of diarrheaaining either 250 mg of SP-303 delayed release beads (total

in patients with AIDS. dose 500 mg) or placebo every 6 h, for a total of 16
consecutive doses or 32 capsules. Study personnel and sub-
MATERIALS AND METHODS jects were blinded throughout the trial. Subjects remained in

the study unit throughout the screening period (24 h), treat-

The study was approved by the Institutional Review Boarqy, ot period, ad 6 h after the last dose of study medication
at each acgdemlc Cfenter. I.nfo'rmed Conse”t. was opta|neig total of 96 h after the first dose). During the course of this
from all subjects during an initial screening visit. Subjectstrial from the screening period until the end of treatment,

were evaluated with routine screening laboratories mcludln%ubjects were not allowed to take antidiarrheal medication

serum chemistry and hematolo anels, urinalysis, an S . .
Y gy p Y e.g, antimotility agents, antisecretory agents, or bulking

urine drug screen for illicit drugs. If not performed in the 3 .
months before enrollment, HIV plasma viral load (Quanti-agems)' Study personnel also recorded the weight and con-

plex 2.0; Chiron, Emeryville, CA) and T cell subsets (Path_sistency of all bowel movements during the treatment phase.

Labs, San Jose, CA) were measured. Stool culture for pathNC€ the subject was discharged from the study unit, they
gens including mycobacteria, ova, and parasite examinatioff€'€ allowed to resume self-administration of routine and
including Cryptosporidium and Clostridium difficiletoxin ~ @ny antidiarrneal medications. All study subjects were in-
assay were also performed. Subjects could be either men §fructed to return approximately one week (7-9 days) after
women. Subjects were required to be between 18 and 60 yRe administration of the last dose of study medication for
of age; to have HIV-1 infection confirmed by standard Outpatient assessment of safety.

serological screening (positive ELISA and Western blot Adverse experiences were assessed by recording the sub-
tests); to have a diagnosis of AIDS based on CDC criterigect’s complaints and documenting physical examination
(17); and to be on a stable medical regimen for treatment opbservations as necessary during the treatment phase and 1
HIV disease and associated conditions fo2 wk before  wk after the administration of the last dose of study drug.
screening and for the duration of the trial. Subjects were noRoutine physical examinations were performed at the
permitted in the study if they were pregnant (as determinedcreening visit, end of the treatment phase, and 1 wk after
by a serum pregnancy test) or nursing; if they had a neuthe administration of the last dose of study drug. In addition,
trophil count less than 500 cellg/ if they had decompen-  |aboratory studies relevant to safety (hematology, chemis-
sated liver disease (total bilirubir3 mg/dl, protime>3  try and urinalysis panels) were performed at the screening
times control, and albumir3 g/dl); if they had a creatinine yisit, end of the treatment phase, and 1 wk after the admin-
clearancg 0k 25% of predjcted; or if thgy were previously istration of the last dose of study drug.

enrolled in a study in which they received SP-303 or any T4 determine stool chloride levels, approximately 2—4 g

investigational drug within 30 days before entrance into the¢ siool was placed in a previously weighed 5-ml polypro-

study. Subjects with chronic diarrhea were recruited for thispylene tube. The tube was placed in an oven overnight to
study, and all subjects were questioned regarding the aVe€{iehydrate the stool. The tube containing dried stool was

age number of stools produced per day in the month, w h iah | weiah h lcul ]
and 24-h period before study enroliment. Subjects with l;t en weighed. Stool weight was then calculated by subtract

history of three or more abnormal stools (defined as soft o'rng the empty tube we|gh_t from the tUbe.pIL.JS dry stool
o combined weight. A quantity of 2 ml of deionized, glass-
watery) per day and who met the above criteria were adfjistilled water was then added to each tube. The tubes were
mitted to a clinical research ward at one of two academic, . . . " .
medical centers. Subjects were required to discontinue awgorgusly mixed tq bring the dne@ stool into SO_IUt'OH'
antidiarrheal medications24 h before entry into the study Chloride concentration was determined from an aliquot of
unit. this solution using a chloride ion—selective electrode (Beck-
In the study unit, subjects were allowed to choose theifMan Synchron Cx Delta System, Beckman Instruments,
diet from the selections offered by the institution. All bowel Bréa, CA). The resulting millimolar concentrations were
movements during a 24-h observation period were weighegonverted to milliequivalents (mEq) of chloride ion per
and recorded to determine baseline daily stool weight an@ram of stool. Samples for which the chloride concentration
frequency. Study personnel also assessed the consistencyVs®s undetectable were assigned a value of one-half the
each bowel movement according to the following defini-lower limit of detection (10 mEg/L). If stool chloride mea-
tions: 1) watery: stool can be poured; 2) soft: stool takes theurements were missing for a stool that had a sample taken,
shape of the container; 3) formed: stool retains shape. Sulthe subject’s average daily stool chloride concentration for

jects with >200 g of abnormal stool weight and three or that day was substituted for the missing value.
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Statistical Analysis number of abnormal stools/day for all patients in the month
. 0 .

The primary efficacy parameters were stool weight antJJ efore study entry was 5'7'. Approx_|mately 50% of patients

were rated as moderate (five to eight abnormal stools) or

abnormal stool frequency. Daily totals of stool weight and ) o )
abnormal stool number were computed at baseline and optVe"® (nine or more abnormal stools) in disease severity,

treatment days 1—4. If a stool was recorded but the weighp@Sed on the 24-h screening period. The meanSEM)
was missing, the average daily weight of stools on that daj@Seline stool weight and abnormal stool frequency during
was used to replace the missing value. Adjustments fofh€ 24-h screening period were 865.4 (108.6) g and 5.2 (0.4)
baseline weights and baseline stool frequencies were madnormal stools, respectively, and did not differ signifi-
in the analysis models through the use of covariates or othed@ntly between groups.
means wherever possible. Tests were considered to be sig-Of the 51 patients, 48 (94.1%) had no recognized patho-
nificant if thep value was<0.05 (two tailed). gen identified from their screening stool sample (culture,
Change from baseline was analyzed using both the Wilmicroscopic examination, and toxin assay). Two subjects
coxon rank sum test and a daily measures approach, whidimad a positiveC. difficile toxin assay, and a third had a
employed random regression models (RRM) as describedulture positive fortCampylobacterA total of 41 subjects
by Gibbonset al. (18). For each subject in the RRM anal- (80%) were receiving antiretroviral therapy and 39 subjects
ysis, a simple linear regression line was fit to the 24-h stoo{77%) were receiving at least one protease inhibitor. Treat-
weights collected at baseline and treatment days 1-4 usingient with SP-303 was well tolerated, with no major imbal-
least squares regression. The slope of the line represents thRce between groups in the occurrence of adverse events or
average daily change in stool weight or frequency during then treatment-emergent laboratory abnormalities. There were
study. Average daily change values were compared using go serious adverse events reported in either treatment group.
two tailedt test. . There was no difference between treatment arms in the
Secondary efficacy parameters were daily output of stoohattern of gastrointestinal symptoms associated with diar-
chloride and daily gastrointestinal index score (DGIS).;hea The mean DGIS at baseline for all subjects was only
Daily output of stool chloride was analyzed by comparingg g ot of a possible maximum of 84. With respect to the
daily totals and daily mean concentrations between treat; oan daily gastrointestinal scores of the seven individual

ment groups as well as by analyzing change from base"ngymptoms all but two values were2 out of a possible

.usmg.the 'Wllcoxon rank sum test. .TO compute the galStrO'rnaximum of 12. The changes in the mean DGIS, as well as
intestinal index score (GIS), the uniform score of 0 (none),

1 (mild), 2 (moderate), and 3 (severe) were assigned at 6-&?3 individual n;etan ?ally tgastromte\:,tlntalt' St(': orﬁs cch.\;fer thf
intervals to each of the following seven gastrointestinal ay course of treatment, were not statistically difieren

between the two treatment arms.

complaints: nausea, vomiting, abdominal pain/cramps, ex= h d d d ducti
cess gas/flatulence. urgency tenesmus, and fecal inconti- 1he SP-303-treated group demonstrated a mean reduction

nence. The DGIS is the sum of the four 6-h interval scored"om baseline in daily stool weight of 451.3 g/24 h at day 4
within a 24-h period for all seven gastrointestinal com-©f treatment, as compared to 150.7 g/24 h in the patients
plaints and can range from a minimum of 0 to a maximumfeceiving placebop( = 0.14; Fig. 1). Nine of 26 (35%)
sum of 84. The percent change in DGIS from baseline waatients in the SP-303 group experienced a reduction of
analyzed using the Wilcoxon rank sum statistic. >500 g/24 h, as compared to two of 24 (8%) patients in the
All other comparisons between the two treatment group$lacebo group after 4 days of treatment (one patient in the
were calculated on means or frequency counts using Fistplacebo group dropped out on day 1 as a treatment failure).
er's exact test for categorical data and the Wilcoxon rankn addition, abnormal stool frequency, which was 5.2 ab-
sum statistic for continuous data. normal stools/24 h in both groups at baseline, decreased at
day 4 by a mean of 3.0/24 h in patients receiving SP-303,
versusa mean reduction of 2.0/24 h in the placelpo=
RESULTS 0.30; Fig. 2). An analysis of the treatment effect over 4 days

The study enrolled 51 patients with AIDS and diarrhea (26°25€d on evaluation of daily measurements by random re-
received SP-303 and 25 received placebo). Six of the 59re€ssion models indicated that patients treated with SP-303
patients did not meet at least one entry criterion for the studgPerienced a statistically significant reduction in stool
(three were HIV-positive but did not have a confirmed AIDS Weight @ = 0.008) and in abnormal stool frequenqy
diagnosis, and one of the three also had a creatinine cleaf-04) when compared with placebo.

ance<25% predicted; two did not meet stool criteria; and Mean daily stool chloride concentration in the SP-303
one had a confounding medical condition). There were n@roup declined by a mean of 7.1 mEq/g after 4 days=(
significant differences between the treatment arms with re0.037), as compared to an increase of 3.4 mEqg/g in the
spect to any of the baseline demographic variables exanplacebo groupf = 0.41). The difference in day 4 mean
ined, including age, gender, race, past medical history, stoahange from baseline values between the SP-303 and pla-
output history, CD4 count, or viral load (Table 1). The meancebo groups bordered on significanpe= 0.05; Fig. 3).
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Table 1. Baseline Demographics and Disease Severity

AJG - Vol. 94, No. 11, 1999

p
SP-303 Placebo Value
No. patients* 26 25
Age (yr) 0.074
Mean (SEM) 42.0 (1.7) 38.1(1.5)
Median 42 37
Range 21-60 27-55
Sex (% male) 96.2 96.0 1.000
Race (%) 0.332
Caucasian 73.1 52.0
Hispanic 154 20.0
African-American 11.5 20.0
Other 8.0
Unformed stools/day in last month 25 24 0.187
Mean (SEM) 5.4(1.1) 6.0 (1.0)
Median 4 5
Range 0-30 0-25
CD4 cell count (cellgtl) 0.962
Mean (SEM) 227.7 (43.4) 238.6 (45.6)
Median 180 176
Range 6-1015 4-836
Viral load (log,/ml) 0.605
Mean (SEM) 3.6(0.2) 3.8(0.2)
Median 3 4
Range 3-6 3-6
Baseline stool weight (g/24 h) 0.200
Mean (SEM) 914.8 (132.2) 813.9 (176.0)
Median 763 568
Range 280-3407 206-4701
Baseline abnormal stool frequency (stools/24 h) 0.915
Mean (SEM) 5.2(0.5) 5.2(0.5)
Median 5 5
Range 1-14 3-12
* Incomplete data were available for one patient in the SP-303 group and one patient in the placebo group.
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Figure 1. Change in daily mean stool weight (grams) for SP-303Figure 2. Change in mean abnormal stool number for SP-38 (
(®) and placebol{l) groups. Comparison of baseline total weight and placebo({) groups. Comparison of baseline abnormal stool
number to total number on each day of treatment.

to total weight on each day of treatment.
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. number of subjects not receiving protease inhibitors was too
2 81 |~ ~®—-SP303 T MeansSEM small to analyze whether diarrhea differed clinically be-
) —{O—Placebo . . L
< 6 - tween subjects receiving pro';e'ase inhibitors as.compared to
] - those who were not. In addition, the cohort size was too
£ 41 h small to determine whether there were different responses
§ 2 ] \/ between different protease inhibitor-containing regimens.
s T | Classical infectious causes of secretory diarrhea are the
bt @ 0 e i i L result of bacterial toxins, which bind to apical receptors on
2 hif 2 i epithelial cells in the small intestine (19, 20) and increase
% E TTe-—— 4 levels of intracellular cyclic nucleotides (21). This results in
% 4 T the opening of chloride ion channels and the secretion of
2 6 4 1 \\ excess chloride into the intestinal lumen down a concentra-
c 1 » tion gradient (21). As the bacterial toxin also inhibits ab-
g 81 sorption of sodium chloride, the excess ions cause an os-
E -10 - 1 motically driven flow of fluid into the intestinal lumen that
(3] 12 .res.ul'ts in watery digrrhea (22, 23). Therefore, ggents that
Baselne Dayl  Day2  Day3  Day4 inhibit small bowel ion secretion may be effective in de-

creasing this form of diarrhea.
Figure 3. Change in daily mean stool chloride concentration Although stool chloride concentrations are known in clas-
(mEq/g) for SP-303@) and placebol(]) groups. Comparison of sjca| bacterial toxin-associated diarrhea, stool chloride con-
basellne mean chloride concentration to mean chloride Concemr%entrations have not been previously studied in AIDS-asso-
tion on each day of treatment. . . - -
ciated diarrhea. Our study demonstrated that diarrhea in
patients with AIDS presents with a wide variability in stool
DISCUSSION frequency, weight, and consistency, and stool chloride con-
centrations were variable as well. Nevertheless, we found a
The results of our study suggest that SP-303 may be effecstatistically significant decrease in stool chloride concentra-
tive in reducing stool weight and abnormal stool frequencytion after 4 days of treatment with SP-303 when compared
in patients with AIDS and chronic diarrhea. Interestingly, ato placebo. Several agents have been found to inhibit chlo-
comparable decrease in abnormal stool frequency and iride ion secretionn vitro or in animal models of secretory
stool weight was seen in both treatment arms during the firiarrhea (24—-26). SP-303 has been shown to reduce basal
24 h of study drug administration. This may have been theand stimulated transmembrane chloride-dependent current
result of several factors including dietary modification, de-flux across intestinal CaCo-2 ceiisvitro as measured in an
creased physical activity, and/or some degree of “placeboUssing Chamber (16). SP-303 reverses the current stimu-
effect associated with admission to a research ward ankhted by forskolin, a known stimulator of c-AMP-mediated
enrollment into a clinical study. Some subjects reportecchloride ion secretion. In addition, orally administered SP-
substantially different diets at home when compared to th&03 reduces cholera toxin-induced intestinal fluid accumu-
diet they received in the study unit. After day 1, both meanlation in a sealed-anus mouse mb8é after cholera toxin
daily stool weight and abnormal stool frequency continuechad been administered (16). Whether the stool chloride
to decrease further in the SP-303 group, but increased in thfindings in our study reflect a physiological effect of treat-
placebo group. When analyzed by daily measures over theent with SP-303 is unknown.
4-day course of treatment, the reductions in abnormal stool The precise mechanism of diarrhea in patients with AIDS,
frequency and stool weight were significantly greater inparticularly pathogen-negative syndromes, is not clear. The
patients treated with SP-303. analysis of gastrointestinal tissue samples from subjects
A potential pathogen was identified in only three subjectswith AIDS and diarrhea, in general, reveal minor morpho-
This may be related in part to sampling sensitivity (only onelogic changes and a malabsorptive capacity (27). This mal-
stool sample was analyzed per subject) (2), the effectiveneshsorption appeared worse in microsporidial disease when
of HAART therapy, antimicrobial prophylaxis, or the fact compared to pathogen-negative diarrhea (28). Clinically,
that invasive or special examinations required to identifydiarrhea in patients with AIDS consists of water loss and
some pathogens were not performed in this study (1). Irstools containing little or no bulk. Certain factors such as
addition, many patients in the study had undergone previousimor necrosis factoe (TNF-a) have been shown to in-
evaluations for diarrhea, at which time identified pathogensrease chloride ion secretion (29). In addition, increased
may have been treated. Diarrhea is a known side effect aftool levels of TNFa have been found in pathogen-associ-
many protease inhibitors as well as of other antiretroviralated diarrhea in patients with AIDS (30). Elevated serum
therapies (8). Our results emphasize that significant diarevels of vasoactive intestinal peptide (VIP), which pro-
rhea, without an obvious pathogen, was still present evemotes small intestine ion transport resulting in a secretory
though >75% of patients were receiving HAART. The diarrhea, have been found in patients with AIDS and diar-
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rhea (31). However, an injectable somatostatin analog
(known to inhibit VIP secretion) was not significantly ef-
fective in reducing diarrhea in patients with AIDS (32).
Thus, there is conflicting evidence regarding the secretory
nature of diarrhea in patients with AIDS (33, 34), and the12.
precise role of chloride ion secretion in the watery diarrhea
syndrome of AlDS-associated diarrhea is not known.

In summary, 4 days of oral therapy with SP-303 resulted"*
in a decrease in stool weight, frequency, and chloride se-
cretion in patients with AIDS and diarrhea. Further studiesy 4.
to determine whether a longer duration of SP-303 treatment
would be even more efficacious in AlIDS-associated diar-
rhea are currently underway.
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