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I. Description of Substance 

A. Identity 

1. Common or  Usual Name 

randomly bonded polymer of glucose and sorbitol with traces of citric or phosphoric acid catalyst 
attached to the polymer by mono- and diester bonds. The specific PDX product addressed is 
manufactured by Danisco Sweeteners (Terre Haute m) and sold under the trade name LitesseB 
Two. 

2. Chemical Names 

D-glucose polymer reaction product with citric acid or phosphoric acid and sorbitol. 

3. CAS Registry Number 

designated in the International Numbering System (FAO/WHO) by number INS 1200. 

4. Composition 
PDX is a polymer of glucose with sorbitol and traces of citric acid catalyst attached to the 

polymer by mom- and diester bonds. The glucose molecules are randomly bonded, although the 
8(1-6) bond predominates (Allingham 1982). Because of the random glucose-glucose and 
glucose-sorbitol bonds, PDX is more resistant to enzyme or acid hydrolysis than other glucose 
polymers such as in soluble starch. 

The substance that is the subject of this GRAS determination is polydextrose (PDX), a 

An alternative chemical name for the substance, in addition to polydextrose or PDX, is 

The Chemical Abstracts Service registry number for PDX is 68424-04-4. PDX is also 

a) Molecular Formula 
Since PDX is a randomly bonded condensation polymer of D-glucose with some bound 

sorbitol and citric or phosphoric acid; there is no specific chemical formula for the product. 
Polydextrose is a polymer of glucose, which has a molecular formula C6Hl206 and molecular 
weight of 180. However, Polydextrose is a condensation polymer, which means that whenever a 
glucose molecule attaches to the polymer chain, it loses a molecule of water. Therefore, t k  
repeating unit in the polymer is not C6H1206 but C6H1005 with MW 162. The polymerization 
takes place in vacuo and the water released by polymerization is removed by condensation. 

b) Molecular Weight 
The average molecular weight of PDX is 2, 000 gimole, but because of the random 

bonding of glucose molecules PDX exists in a wide range of molecular weights. Figdor and 
Rennhard (1981) reported that the molecular weight for PDX ranges between 250 and 18,000 
g/mole although it is most often between 1,200 a d  2,000 g/mole (Kibbe 2000) 

c) Degree of Polymerization 
Polymers may he characterized by their degree of polymerization (DP). Ninety percent of 

PDX polymers have a DP of 530; while 30% have a DP 5 4  (Figdor and Rennhard 1981 ; Radosta 
et al. 1992). The average DP is reported to be -12 (Craig 2001). 
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d) Chemical Structure 
A representative chemical structure of PDX (adapted from Mitchell et a l  1996) is shown 

in Figure 1. 

HO 

HOH zC 

Figure 1 .  Representative structure of PDX. The R Group = H, sorbitol, sorbitol bridge or more PDX. 
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e) Characterization 
PDX is an odorless, white to light cream amorphous powder with a nomsweet bland taste 

and a melting point higher than 130°C (Budavari et al. 1999. It is very soluble in water; aqueous 
solutions with over 70% Polydextrose (ie, 70g of Polydextrose dissolved in 30 g of water) are 
easily achievable. PDX provides about 1 kcal/genergy or less (Figdor and Rennhard 1981; 
Figdor and Bianchine 1983; Juhr and Frarke 1992; Ranhotra et al 1993; Achour el a1 1994). 

B. Manufacturing Process 
PDX was first synthesized in the late 196Os, the end product of a research and 

development effort to produce a low-calorie bulking substance for use in food (Rennhard 1973; 
Anonymous 1981; Mitchell 1996). The quality of the PDX is dependent on the manufacturing 
method, which has been improved over the years. The first PDX product made by Pfizer was 
called Polydextrose Type A as it was slightly acidic because of the presence of trace amounts of 
citric acid. Upon customer request, a neutral form of polydextrose was also produced by adding 
small amounts of potassium hydroxide or potassium carbonate. Polydextrose (neutral form) was 
called Type N and contained up to I .5% potassium. Improvements in the manufacturing process 
of PDX reduced citric acid in the final product and eliminated the need for potassium hydroxide 
neutralization (designated in this notification as “polydextrose acidic form)). Subsequent 
refinements of the manufacturing process has led to the Litesse Two product. Pfizer sold 
manufacturing rights for PDX to Cultor Food Science in 1996. Cultor, and the rights to produce 
PDX, were sold to Danisco in 1999. 

L .  

PDX was first synthesized by vacuum-melt condensation of glucose in the presence of 
sorbitol and catalytic amounts of citric acid, resulting in a randomly linked polymer (Rennhard 
1973; Allingham 1982; Burdock and Flamm 1999). The synthesized product typically contained 
PDX polymer (90% minimum), glucose (4% maximum), sorbitol (2% maximum), levoglucosan 
(4% maximum), water (4% maximum) and citric acid (0.1%) (Allingham 1982). Trace amounts 
of 5- hydroxymethyl-furfural from glucose carmelization were produced as byproducts of the 
polymerization process (Bill 1987; Thomas et al. 1991; Setser and Racette 1992). As noted 
above, there were two forms ofPDX, acidic and neutral. Polydextrose (neutral form) was the 
potassium salt (up to 1.5% KOH) and was designated as polydextrose-N or PDX-N, while 
polydextrose (acidic form) did not contain potassium hydroxide and was generically referred to 
as polydextrose or PDX. Polydextrose (neutral form) is no longer produced and marketed in the 
United States. Danisco Sweeteners in the United States manufactures the descendent of 
polydextrose (acidic form) under the trade name Lites%@ Two (Danisco Sweeteners 2004g). 
Since the neutral form of PDX is no longer manufactured in the United States, use of the term 
“polydextrose” or “PDX’ without further qualification in this document refers to the acidic form 
and its descendents. 

The PDX proposed for use in infant formula is manufactured by Danisco Sweeteners of 
Terre Haute, IN, and sold as Litessem Two. 

1. Raw Materials 

andor liquid) or glucose-containing materials such as hydrolyzed starch, a polyol such as 
sorbitol and a catalytic acid such as citric acid or phosphoric acid. 

The starting materials in the manufacture of PDX are glucose (powdered, crystalline 
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2. Process 

practice (cGMP). The first step of the manufacturing process (see Figure 2) is the vacuum-melt 
condensation method (Danisco Sweeteners 2004e). In this process, glucose (powdered, 
crystalline and/or liquid) or glucose-containing materials such as hydrolyzed starch is heated 
under vacuum at 150 to 160°C for about 20 minutes in the presence of a polyol such as sorbitol 
and with low levels of a catalytic acid such as citric or phosphoric acid. Because of the low 
levels of catalyst used in preferred embodiments, minimal or no off-flavors a d  little color are 
formed during the course of the reaction. The product may be purified using ion exchange, 
membrane filtration, or carbon treatment. Litesse@ Two and Litesse@ Ultra are prepared by 
additional resin purification and hydrogenation respectively (see Figure 2). Danisco Sweeteners 
provides this polydextrose product in powdered form or as a 70% aqueous solution. 

Food grade polydextrose is manufactured in accordance with current good manufacturing 

Manufacturing process of acidic polydextrose as Litesse@ Two (Danisco Sweeteners 
2004e). 

Dextrose 

4 
Sorbitol + I '";Ze 1 + Acid 

Polydextrose 

D,ssoiut~o" 1 

Litesse Ultra Litesse II 

Figure 2. Schematic of PDX Product Manufacture 

3. Specifications 
Specifications for PDX from Danisco Sweeteners, the Joint FAO/WHO Expert 

Committee on Food Additives (JECFA 1998), and the Food Chemicals Codex (FCC 2003) are 
presented in Table 1. Up to 10% of PDX may consist of small monomeric substances, including 
1,6-anhydro-D-gIucose, glucose, and sorbitol. Because of its hygroscopic nature, FCC (2003) 
specifications require that PDX be stored in tight, lightproof containers. 
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Parameter 

Name 

Identification 

Table 1. Specifications for PDX 
~ 

Source of Specificabon 

JECFA (1998) FCC (2003) Danisco Sweeteners 
( 2 0 W  

Litesse' Two Polydextmses Polydextrose 

Passes FCCtest See footnote 1 See footnote 2 

5-HydroxymethyC 
furfural and related 1 w4 0 1% NMT 0 1% NMT 0 1% 

11 compounds I I I 
1.6Anhydro-D 
glucose NMT4 0% NMT 4 0% NMT40% 

Glucose and 

Very soluble in water 

NMT 6 0% combined NMT 0 25% glucose NMT o% 

and 
storage 

1 ldentfication test JECFA (A) Solubilty (see descnption in table) (6) Test for sugar To 1 drop of 1 in 10 solution of the 
sample, add 4 drops of 5% phenol solution, then rapidly add 15 drops of sulfuric acid TS A deep yellow to orange wlor is 
produced (C) Solubility in acetone - Wdh vgorous swirling add 1 ml of acetone to 1 ml of a 1 in 10 Solution of the sample The 
solution remains clear Wnh vgomus swirling add 2 ml of acetone to the solution A heavy, milky turbidity develops immediately 
(D) Test for reducing sugar - To 1 ml of a 1 in 50 solution of the sample, add 4 ml of alkaline cupric citrate TS and boil vigoroust, 
2-4 minutes Remove from heat and let precipitate (dany) settle The supernatant is blue or blusgreen (JECFA 1998) 

2 ldentdcation test FCC (A) Add 4 drops of 5% aqueous solution to 1 drop of a 1 10 aqueous solution, then rapidly add 15 
drops of sulfuric acid A deep yellow to orange wlor appears (6) While vigorously swirling (vortex mixer), add 1 0 ml of acetone 
to 1 0 ml of a 1 10 aqueous solution The solution remains clear Retain this solutlon for IdenMiCahon Test C (C) While 
vigorously swirling. add 2 0 ml of acetone to the solution from Idenhficatfon Test8 A heavy. milky turbidty develops immediately 
(D) Add 4 ml of alkaline cupric citrate TS to 1 ml of a 1 50 aqueous Solution Boil vigorously for 2 to 4 minutes Remove from 
heat, and allow the precipdate (if any) to senle The supernatant liquid is blue or blue-green (FCC 2003) 

3 NLT = not less than 

4 NMT = not more than 

Store in tight, light-proof 
containers 

Store in ttght containers 
in a dry place below 
40% 

No speckation 

In addition to the specifications above, Danisco Sweeteners (2004e) states that the levels 
of other metals and the maximum limit in the Litesse' Two product they produce is: arsenic (I  
ppm), mercury (0.1 ppm) and cadmium (0.1 ppm). 
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Microbe Limit Medium Incubation Conditions 

Total Ambic Plate 
Count 

I I I II - 
II I Lactose I 35-37 

TGY' Agar 35% for 48 hours loo,g 

Yeas1 and Mold 2019 Maximum Antlbiohc PDA' 

Fluid Lactose Medium 

Eschenchia coli Negative lo TesV25 g EMB' 

IMVlC 

Trypticase Soy Broth 

Baird-Parker Plates 

BHP 

Coagulase Plasma 

Negative to TesU25 g Coagulase positive 
Staphylococcus 

XLD, HE' Plates 

Bismuth SuKde Agar Plates 

I 35% for 24 hours 

I 3% for 48 hours 

22-25'C for 120 hours 

30.35% for 2448 hours 

3% for 24 hours 

3% for 24 hours 

35'C for 48 hours 

35% for 48 hours 

35'C for 18 hours 

35% for 6 hours 

~ 

TGY=tryptone glucose yeast 
PDA=potato dextrose agar M=Dmannose 
EMB=eosin-methylene blue XLD=xylose lysine deoxycholate 
IMVIC=indole methyl red Vogues Proskauer utrate 

BHI=bratn heart infusion 

HE=Hek?cen entenc 

Salmonella 

5. Pesticidal Purity 
Danisco Sweeteners has also tested the LitesseR Two PDX product for pesticide 

residues. The analytical results of all 132 pesticides tested were below the limits of detection 
(Table 3). These results are in agreement with the published findings of Gelardi and Mountford 
(1993). 

Negative to TesU25 g 
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Table3. Pesticide Residues Below Detectable Limits in PDX 

6. Product Analyses 

product Litesse@ Two meets all food-grade specifications as shown in Table 4. 
Analytical results of several samples from nomconsecutive batches indicate that the PDX 
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Table 4. Batch Analyses of Litessem Two 

Pobdextrose Product 

7. Stability 

powder form or in 70% solution, as well as the temperature at which they are stored (Danisco 
Sweeteners 2004a; Danisco Sweeteners 2004b; Danisco Sweeteners 2004d). The powdered form 
of polydextrose has a shelf life of up to 36 months. Danisco Sweeteners polydextrose products 
are also stable when subjected to an acidic environment and high temperature (Table 5 ) ;  only 2% 
of polydextrose is degraded into free monomers when subjected to an acid environment and high 
heat. 

The stability of Danisco Sweeteners' PDX prodwts is dependent on whether they are in 

Increase in Free Monomers ('A) 
Alier Incubation at pH 2 6 and 100°C 

OHovr I 1 Hour 1 5 Hours 

Table 5. Acid and Heat Stability of the Danisco Sweetener PDX Product 

(1 Lttesse'Two I 002 I 002 I 228 II 
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11. Use of PDX 

A. Historical Exposure to PDX 
PDX does not occur naturally, and so its only intake is that resulting from its use as an 

ingredient added to foods or an excipient in dietary supplements or pharmaceutical tablets. PDX 
is approved as a food additive for direct addition to human food as a bulking agent, texturizer, 
formulation aid or humectant (21 CFR $172.841). Foods to which polydextrose may be added 
include baked goods and baking mixes (restricted to fruit, custard and pudding-filled pies. cakes, 
cookies and similar baked products), chewing gum, confections and frostings, dressings for 
salads, frozen dairy desserts and mixes, fruit spreads, gelatins, puddings and fillings, hard and 
soft candy, peanut spread, sweet sauces, toppings and syrups (Burdock 1997). PDX is also 
included in t k  FDA Inactive Ingredients Guide for use as an excipient in currently marketed 
drug products that are in the form of tablets or film-coated tablets (FDA 1996b). 

In 1990, PDX was approved for use in food within the European Union (Vincent 1991) as 
a Generally Permitted Food Additive. According to Vincent (1991), specific European countries 
that have approved the use of polydextrose for use in food include Belgium (reduced energy 
foodstuffs), France (dietetic products), United Kingdom, Sweden (15% in ice cream) and 
Switzerland (bulking substance). PDX is approved for use in food in Argentina, Brazil, China, 
Egypt, Japan, Korea, Poland and Taiwan (Craig et al. 1998; Craig et al. 1999). In Japan, PDX is 
approved for use under the Japanese Foods for Specified Health Use (FOSHU) law. Under this 
law, the label claim of 'provides improved intestinal function" may be made for food products 
that contain PDX. 

In 1981, JECFA evaluated the use of PDX in food and established an acceptable daily 
intake (ADI) of 70 mgikg bw/day (JECFA 2004a; JECFA 2004b). In 1987, E C F A  re-evaluated 
polydextrose and revised the AD1 to "Not Specified'' (JECFA 1987). An AD1 of Not Specified is 
used for food ingredients that have been determined to be of very low toxicity, and which the 
total dietary intake resulting from its use at the levels necessary to achieve the desired effect, as 
well as from its acceptable background in food, does not represent a health hazard to humans 
(ECFA 2001). 

0. Intended Use of PDX 

1. Addition Level of PDX to Infant Formula 

MJN intends to add PDX to milk-based infant formula (along with GOS) as a prebiotic 
ingredient. When defining the maximum addition levels, the manufacturer specifications were 
taken into consideration. In addition, according to experimental trials in our infant formula 
production environment, we have observed loss of the notified substances during processing of 
the infant formulas containing these ingredients. We have considered both factors when defining 
the maximum addition levels. 

The maximum intended addition level of LitesseB Two is 2.5 g/L. Considering losses 
during the manufacturing of our infant formula and that LitesseB Two comprises approximately 
86% PDX, the maximum intended addition level of Litessem Two is equivalent to 2 g/L of PDX. 
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2. Estimated Daily Intake of PDX 

(1993), the subpopulation of infants with the highest intake per kg body weight is boys age 14- 
27 days. The 90th percentile energy intake by this group is 141.3 kcal/kg/day. Among girls, the 
highest energy intake is found in the same age group, 14-27 days, and is nearly as high as boys: 
138.9 kcal/kg/day. MJN’s Enfamil LIPIL with Iron, along with most other standard formulas, 
contains 0.676 kcal/mL when ready to consume. Therefore, to obtain 141.3 kcal energy/kg, an 
infant boy must consume 209.0 mLkg of formula. To reach her 90th percentile of energy 
consumption, 138.9 kcal/kg/day, an infant girl must consume 205.5 mLkg of formula. The 90th 
percentile of formula intake for the two sexes combined is about 207 mlkglday. 

According to tables of daily energy intake by formula-fed infants provided by Fomon 

The 90th percentile daily intake of Litessem Two added at 2.5 g/L is estimated to be 0.5 
g k g  bw and that of PDX, constituting 86% of Litessem Two, is estimated to be 0.4 gkg bw. 

As the infant grows, formula intake increases, but more slowly than weight gain, so that 
consumption assessed as mL formula per kg body weight is lower for infants older than 27 days. 
As a result, intake per kg body weight of PDX decreases as the infant grows older and larger. 
Between weeks 8-12, the estimated 90th percentile daily intake of PDX is estimated to be 
0.35 gkg bw. Establishing the ED1 of PDX at 0.4 g/kg bw/day is thus a conservative basis for 
estimating long-term exposure. 

Since there is no other source of PDX in the diet of formula-fed infants, the above 
estimated daily intake constitutes the total daily exposure of infants to PDX at the 90th percentile. 
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111. Safety Data 

A. Effects of PDX on the Gastrointestinal Tract 
Polydextrose, like the oligosaccharides in human milk, is resistant to enzymatic 

hydrolysis in the upper gastrointestinal tract and thus reaches the colon largely intact. Like 
human oligosaccharides, available experimental evidence indicates that infants given formula 
supplemented with polydextrose may tend to develop a colonic microbiota population that more 
closely resembles that found in breast-fed infants than those receiving formula without added 
prebiotic ingredients. Additionally, infant formula containing polydextrose may produce more 
frequent and softer stools than does control formula. The results of a number of studies suggest 
that polydextrose ingested by infants may thus produce beneficial changes in colonic microbiota 
and improve laxation as well as increase mineral absorption. 

1. Effects on Stool Biota 
In a clinical study (not randomized or controlled), no increase in Bi)dobacteriurn or 

Lactobacillus with polydextrose ingestion was observed, hut a reduction in bacteroides was 
noted (Endo et al. 1991). The findings of m vitro experiments designed to simulate the intestinal 
tract of the human infant support the effects of polydextrose on stool biota. In a continuous 
culture system with adult fecal samples designed to simulate the colonic environment, Probert et 
al. (2004) reported that polydextrose at concentrations of 1 and 2% had consistent stimulatory 
effects on colonic bifidobacteria, including B. infuntis. In this study, in experimental vessels 
simulated to represent the ileum and proximal colon, polydextrose supported a wide variety of 
bifidobacteria and led to an increase in the level of lactobacilli. In another in vitro model of the 
infant gut developed to test prebiotics for infant- formula applications, polydextrose was effective 
in increasing both bifidobacteria and lactobacilli (Gemmell et al. 2004). While exhibiting a 
slower rate of fermenation, polydextrose provided prebiotic effects equal to or surpassing those 
of other carbohydrates tested. 

2. Effects on Laxation 

results consistently showed that intake of polydextrose by adult humans results in softer stools 
(Tomlin and Read 1988; Saku et al. 1991). In these clinical studies, the effects of polydextrose 
on laxation appeared to increase with increasing dose. The doses of polydextrose (1 5 to 30 
g/day) produced the most significant effects on laxation, hut were also accompanied by increases 
in diarrhea and flatulence. 

3. Effects on Mineral Absorption 

absorption of minerals such as calcium, magnesium, phosphorus and potassium (Demigne et al. 
1989; Heijnen et al. 1993; Beynen et al. 2001). The available studies suggest that prebiotics may 
he particularly beneficial under conditions of increased calcium requirements. In an animal 
study, Hara et al. (2000) assessed the effects of polydextrose (5% in the diet for 21 days) on 
calcium absorption. The results of this study support the use of polydextrose in increasing 
calcium absorption and its incorporation into bone. 

In two human clinical studies of polydextrose with administration of 15 to 30 g/day, the 

It has been hypothesized that supplementation of the diet with prebiotics may increase the 
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4. Physiological Characteristics of Infants 

Several of the physiologicaldifferences between infants and adults have been recognized to be 
important when conducting safety assessments for infants. The IOM Committee on the 
Evaluation of the Addition of Ingredients New to Infant Formula described four unique 
characteristics of infancy that are critical to such a safety evaluation (IOM 2003). These unique 
characteristics include (1) infant vulnerability, (2) gastrointestinal and renal function, (3) 
immune function and (4) brain development and behavior. These four characteristics are 
described in the following sections. 

Infants have unique physiological characteristics that distinguish them from adults. 

Infancy is a time when rapid development of many anatomical tissues and systems 
occurs. Because infants have limited ability to communicate verbally, there is potential that a 
harmful effect due to some chemical exposure might be overlooked. During delivery, the 
environment dramatically changes from one in which oxygen and nutrients are delivered directly 
from the mother to the fetus via the placental blood supply to an infantile environment that 
requires efficient respiratory and gastrointestinal systems, as well as coordination of numerous 
biological functions. Not all organ systems are fully mature at birth, and those that are not may 
be highly susceptible to environmental toxicants. Normal development is dependent on the 
timely emergence of critical structures and developmental processes during the period of rapid 
growth in early infancy. It is during this period of rapid development that the vulnerability of the 
infant to nutritional imbalances, illnesses, inadequate care practices and other environmental 
disturbances is at its highest. The resulting disturbances may be irreversible, or the ability to 
compensate for them may be limited. The food consumption rate in infants is greater than that in 
adults on aikg bw basis. Furthermore, infant formula is the only food source for many infants 
less than 6 months of age (IOM 2003). 

Gastrointestinal (GI) tract morphological differences among infants, children and adults 
were investigated in the mid-1960s (Walker-Smith and Harrison 1966; Walker-Smith 1967a; 
Walker-Smith 1967b; Trier 1968; Walker-Smith 1969). Walker-Smith (1972) reported a change 
in the morphology of the duodenum and jejunum from finger-shaped villi in neonates to broader 
shaped (Le., thin ridges and tongues) villi in infants and very young children, followed by a 
return to finger-shaped villi by four years of age. Walker-Smith (1972) attributed these 
morphological changes of the upper GI tract to bacterial colonization (mainly Grampositive 
microorganisms). These age-dependent changes in the morphology of the GI mucosa were less 
pronounced in the ileum, and absent in the cecum (Le., the villi remained finger-shaped). 
Stenling et al. (1984) also demonstrated age-dependent differences in the mucosal morphology 
of the upper intestine of children as compared that in adults. The IOM (2003) considered these 
anatomical differences to be minor and reported the infant GI tract to be fully developed. This is 
especially true for the lower GI tract because it is morphologically equivalent to adults at birth. 
The IOM also reported that dietary constituents do not influence the development of the GI tract 
and the kidneys. Renal tubular reabsorption and urine acidification reach normal values at 
several months of age, whereas glomerular filtration reaches adult values at around 3 years of 
age. 

Gastrointestinal glycosidases develop during the prenatal period (Auricchio et al. 1965). 
At birth, gastrointestinal enzymes are fully functional with the exception of amylase and maltase, 
the activity of which are normally lower at birth than in adults (Auricchio et al. 1965; 
Mobassaleh et al. 1985). The gastrointestinal tract of newborn infants is sterile (i.e., lacking any 
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microbial population) (Gracey 1982) other than microbes obtained from the mother's birth canal 
during birthing. Colonization of the gastrointestinal tract occurs over the first year of life 
(Levanova et al. 2001). 

At birth, the immune system of the infant is not fully developed (Crockett 1995). The 
IOM (2003) repotted that the immune system of the neonate has reduced ability to prevent 
pathogen invasion, as well as a reduced response to antigenic stimulation. The report also 
describes increased permeability of the gastrointestinal mucosal barrier during inflammation or 
infection that results in the disruption of the epithelial cell layer. The increased permeability 
allows the absorption of macromolecules and stimulates an allergic response to food proteins. 

The brain is not fully developed at birth, but rapid development takes place during the 
first year of life (Nelson 1995; Nelson 2001; Johnson2001). During this early period, subcortical 
and cortical central nervous system (CNS) structures mature, resulting in the functional 
development of visually-guided reaching, face recognition and orientation toward faces, explicit 
and working memory, focused attention and inhibitory control. Nutrition during the first year of 
life of the infant can influence CNS development and function (Wauben and Wainwright 1999; 
Rao and Georgieff 2000). Behavior and sociakemotional function also develop during the first 
year of infancy (Ruff and Rothbart 1996; Gunnar 2000). The IOM (2003) reported that, for some 
infants, a large proportion of nutrition is from formula; thus, formula alterations that deter 
normal development of the central nervous system and behavioral patterns can potentially have 
long-term consequences. 

B. Absorption, Distribution, Metabolism and Excretion (ADME) 

in experimental rats and humans are described. This information is useful in interpreting 
Investigations of the absorption, distribution, metabolism a d  excretion of polydextrose 

biological effects described starting on page 22 and D. Clinical Studies (page 78): Based on the 
results from these ADME studies, the fate of polydextrose within the body is illustrated in Figure 
3. 

1. Experimental Animals 
Figdor and Rennhard (1981) investigated the absorption of polydextrose in the rat (strain 

not specified; weight 125-200 g). A single dose of ['4C]-polydextrose was administered to male 
rats ( ~ 2 - 4  per group) by gavage (55 mg/ kg bw) or intravenously (25 or 50 mgkg bw) 
Radioactive carbon dioxide (I4CO2) was collected at hourly intervals for 13 hours. In rats 
injected intravenously with polydextrose, a single collection period between 13 and 24 hours 
after treatment was also included. Collection of I4CO2 was performed using an Aerospace 
Industries rat restrainer and metabolism cage. The I4CO2 data was used to calculate the caloric 
utilization of polydextrose, the amount of polydextrose biotransformed by mammalian and 
microbiota enzymes to carbon dioxide (COz). Urine and feces were collected for a total 
collection time of 72 hours. 

When administered intravenously, 90% of the polydextrose was excreted in urine, and a 
minor amount was excreted in feces (Table 6). Two percent was converted to C02. Figdor and 
Rennhard reported that the high elimination in urine was not surprising because 99% of the 
administered polydextrose had a molecular weight of less than 15,000. Molecules less than 
20000 are rapidly eliminated by glomerular filtration from the kidneys (Arturson and Wallenius 
1964; Arturson et al. 1971). Nearly all of the polydextrose excreted in the urine was recovered 
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Intravenous 
(units are % of administered dose) 

0-24 24-48 48-72 Total 

Collection 
Interval 

Oral 
(units are % of administered dose) 

0.24 24-48 48-72 Total 

'Calorc uti ization for PO ydextrose 15 calcJlared from me quam ly of CO, obtained from rats aRer labe eo obdearose 
adm nistral.on These determinations are oaseo on a total of 60% of an ava.labe camon so-rce SLcn as F7;acetate 5 
exnaled as"CQwlhin 24 hours TO es1.male total calonc .tluation of polyaextrose. the aRua ly recovere0 CQ is 
wrredeo oy tne cataool c wnvers on fanor (acetate 10 COz) of 0 6. 'Calonc uti U a l m  was aelermaed over a 24-no-r 
coI enion per oa 'Calonc -11 vat on was oetem ne0 over a 13-nod M I  ect on per cd NR=not reponed 

So-rce F goor and Rennnam (19811 

~ 

Calonc 1 93f.O 3t NM 
Utiluation' 

Urine 903f12 O3iNR 

Feces 3 h 4 3  1 If1 

Total NR NR 

Figdor and Rennhard (1 98 1) also investigated polydextrose excretion in rats administered 
unlabeled polydextrose for 90 days. Male rats were fed ad librtum either a basal diet (;.e., 
control) or a treated diet supplemented with polydextrose (corresponding to approximately 1 or 

16 

00026t i  

~~ 

NM 1 93f.0 3 34 8f5 2' NM NM 34 8f5 2 

02iNR 908f12 15f02 0 2 0  1 0 If.006 18f03 

03fO 1 44f.54 502f12 9Of88 1 If09 603*86 

NR 9713f97 NR NR NR 96 9i6 2 



263 

Control 1 glkg bw 10 glkg bw 
, 

Air 31 2 

Urine 1 8  

Feces 56 4 

Total 89 4 

In this study, all of the administered polydextrose was accounted for in expired air, feces 
and urine; thus, polydextrose is not stored in the tissues but eliminated from the body. The 
amount excreted in flatus specifically was not assessed. Although traditional methodologies for 
detailed assessments of pharmacokinetics and tissue distribution were not employed, the 
estimates of these parameters (elimination half- life of 30 minutes and distribution confined to 
extracellular space) are reasonable and logical. Importantly, Figdor and Rennhard (198 1) 
reported that the only effect of administering IO gikg bw polydextrose to rats was the occurrence 
of soft stools; no adverse effects such as diarrhea were observed. 

Juhr and Franke (1992) investigated the disposition of polydextrose in germfree or 
conventional male Wistar rats (100-120 days old). Rats (n=8 per group) were fed a basal diet 
su plemented with 1% polydextrose for 2 weeks. Then each rat was gavaged with 359 kBq of 
[ Clpolydextrose and immediately placed in a metabolism chamber for 30 hours. Expired air, 
urine and feces were separated, collected and analyzed for radioactivity. Two additional groups 
of rats ( ~ 2  per group) were included that had their ceca removed surgically prior to treatment. 
Table 8 presents the disposition of ['4C]polydextrose in germfree (intact ceca), germfree 
(cecectomized), conventional (intact ceca) and conventional (cecectomized) rats. All of the 
administered polydextrose was accounted for in expired air, urine, feces or carcass. In all four 
groups of rats, the primary route of excretion was feces (54%-81% of the administered dose). 
Approximately 20% more of the dose was excreted in the feces of germfree rats compared to 
their conventional counterparts, indicating that some microbial degradation occurs within the 
large intestine, involving conversion to COz or volatile fatty acids and subsequent absorption. 
Approximately 4% was excreted in the urine (urinary constituents were not identified). The 
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Germ-Flea 
(% of administered dose) 

LOCUS 

Conventional 
(%of administered dose) 

I Cecectomized Cecum Intact Cecectomized 
(n=2) (n=8) (n=2) I Cecum Intact 

(n=8) 

Expired Air 

Urine 

Feces 

Carcass 

Tdal 

11 22f2 24 11 85f0 31 31 9Of2 49 29 5 2 4  48 

4 76fl 68 3 29f1 54 4 ooto 84 3 68fO 74 

75 15f6 34 81 12f5 46 53 51i5 52 65 57f1 69 

9 64f3 60 7 94*2 90 12 81t2 15 6 31i3 00 

101 05*5 D6 104 21f6 50 102 2Zf5 33 105 08f3 95 

1) Source Juhr and Franke (1992) II 

The results of this study demonstrate that an appreciable portion (-30%) of ingested 
polydextrose is digestedfermented within the gastrointestinal tract and excreted in expired air. 
Juhr and Franke (1992) estimated that 12% of the administered dose is digested by 
gastrointestinal enzymes and approximately 18% is fermented within the lower gastrointestinal 
tract. These results are in agreement with the findings of Figdor and Rennhard (1981) and 
Cooley and Livesey (1987). In an m vitro study, Kruger et al. (1990) reported that the percentage 
of glucose liberated from polydextrose by small intestinal homogenate is only 5-8%. 

2. Humans 

polydextrose in human volunteers. Daily for 7 days, four male volunteers (age and body weights 
not reported) ingested nom labeled polydextrose (1 0 g or 0.17 g k g  bw/day, assuming body 
weight of 60 kg) dissolved in chocolate milk consumed immediately after breakfast. On day 8, 
the subjects ingested the drink containing nomlabeled polydextrose plus 72 FCi of 
['4C]polydextrose. The subjects continued to receive nomlabeled polydextrose on days 9 and 10, 
but not the radioactive polydextrose. Expired air was collected prior to receiving the drink 
supplemented with [14C]polydextrose. and at 1 ,2 ,  3,4,  5,6, 7, 8, 10, 12, 14, 16,24, 36 and 48 
hours following administration of radioactive polydextrose. All urine samples were collected and 
pooled between 0-6 hours, 6-12 hours and 12-24 hours on day one of [14C]polydextrose 
administration. Urine was subsequently collected and pooled over each 24-hour period for the 
next 6 days (total collection period was 7 days). All fecal matter was collected and frozen for 7 
days after ['4C]polydextrose administration. The amount of radioactivity (expressed as a 

Figdor and Rennhard (1983) investigated the absorption, distribution and excretion of 
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Caloric utiiaation 

percentage of the administered dose) was determined in collected expired air, urine and feces. 
The quantity of volatile fatty acids excreted in human feces was also determined. 

Approximately 40% of the administered polydextrose was excreted in the kces within 
the first 48 hours, and 50% was excreted in the feces by the end of the 7-day collection period 
(Table 9). Of the 50% that appeared in the feces, approximately 48% was unchanged 
polydextrose, while 2% was as volatile fatty acids. Twenty seven percent was excreted in the 
expired air as C02 According to Figdor and Rennhard (1983), the C02 was derived from 
gastrointestinal absorption, as well as from absorption of small organic molecules that were 
produced by gastrointestinal microbes and degraded by mammalian enzymes into C02. It is 
likely that the latter source (mammalian degradation of small organic molecules) contributed a 
significant amount of C02 to expired air because Figdor and Rennhard demonstrated in vifro that 
human fecal microbiota can convert a substantial amount (17%) of polydextrose to volatile fatty 
acids. An insignificant amount (1.4% of the administered dose) of radioactivity was detected in 
the urine. Of the radioactivity excreted in urine, 0.03% was unchanged polydextrose. Figdor and 
Rennhard (1983) postulated that the remaining urinary radioactivity was urea. As can be seen in 
Table 9, approximately 80% of the administered dose was recovered. Figdor and Rennhard 
proposed that the remaining 20% was lost as CO2 in expired flatus, based on studies in humans 
in which it was demonstrated that another poorly digested carbohydrate, stachyose (a 
tetrasaccharide), increases CO2 concentration of expired flatus up to 50% (Steggerda 1968). 

Table 9. Excretion of ['4CJPDX Administered Orally to Male Volunteers 

Radioactivity as Percent (%)of Administered Dose 

Collection interval I 0-24 hr I 24-48 hr I 48-72 hr I 72-168 hr I Total 

26 62*7* NM NM 26 62*7 

Feces 2 53+2 8 39 -16 3 6 11*7 6 1 77i2 8 50 07f7 5 

I Calonc -1 I ration was oelerm ned over a 24-h0.r co aecIion penod 'Calor c -1 ual.on was aetermined over a 1 Sn0.r 
colec~on per oa hM=nol measured, NR=nat repoflea I '  
Total 

Source Figdor and Rennhard (1983) 

The fate of polydextrose in humans is similar to that in rats, Le., the major excretory route 
is the feces, with appreciable biodegradation to COZ and an insignificant amount excreted in the 
urine. Although not all administered radioactivity is accounted for, it is reasonable to suggest 
that the polydextrose unaccounted for is excreted in flatus. Figdor and Rennhard (1983) did not 
report any adverse effects in male subjects from consumption of 10 g or 0.17 g k g  bw/day 
polydextrose for seven consecutive days. 

Achour et al. (1994) also investigated the fate of polydextrose in 7 male volunteers 25-29 
years of age. Subjects had normal body weight (data not reported), no history of gastrointestinal 
disease, no recent treatment with antibiotic, had never taken a laxative and were nowmethane 
producers. The study design included a control period (CP=days 1-8), a short-term polydextrose 
consumption period (PDI=days 9- 16) and a longer-term polydextrose consumption period 
(PDZ=days 17-38). During the PD1 and PD2 periods, subjects consumed 30 g of polydextrose 
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daily ( I O  g, 3 timedday at mealtime in fruit juice). A controlled diet was administered on days 1 
to 16 (CP and PDI) and days 3 1 to 40 (PD2). Subjects were allowed to eat their usual diet on the 
other days of the experimental periods. On days 13 (PDl) and 35 (PDZ), ['4C]polydextrose (20 
pCi) was consumed with nomlabeled polydextrose during the first meal. Urine and feces were 
collected on days 5-8 (CP), 13-16 (PDI) and 35-38 (PD2) and analyzed for radioactive content. 
On days 5, 13 and 35, expired air was collected hourly from 0 to 15 hr, and then at 18,21,24, 
30,36 and 48 hr. For three subjects, flatus was collected for 12 hr on days 13 and 35. 

Consumption of 30 g of polydextrose during PDl and PD2 periods had no effect on 
transit time through the gastrointestinal tract, fecal weight (dry or wet), bacterial mass or fecal 
water content. Table 10 presents the percentage of radioactivity recovered from expired air, urine 
and feces during the PDl and PD2 periods. The percentage of radioactivity recovered from 
expired air and feces was approximately 30 and 36%, respectively. A small amount (-4%) was 
recovered from urine. Not all administered radioactivity was accounted for in this experiment. 
The investigators attributed this lack of recovery to (1) incomplete collection of the label and/or 
(2) overestimation of the conversion factor of acetate to COz. Total volume of flatus expired 
during the PDI period was about twice the volume expired during the PD2. Expired gas was 
analyzed for nitrogen, oxygen, hydrogen, carbon monoxide and methane, and levels were not 
significantly different between PD1 and PD2 periods (data not shown), 

T a b l e  10. Excretion o f  f4Cc]PDX Administered Orally t o  M a l e  Volunteers 

'Total was calculated by subtracting from % radioactivity in expired air (3% CO2 from 
monomenc fraction plus 16 5% CO, denved from bacteria) divided by a converSion facto1 
of acetate to CO2 plus % in feces plus %in urine 

The polydextrose used in this study contained 5% monomers and 95% polymers of 
glucose units. Achour et al. (1994) concluded that the monomers are absorbed in the small 
intestine; while the polymers are transported to the large intestine, where 62% is fermented (see 
Table 11). Fermentation results in degradation of polydextrose, the products of which are either 
taken up into bacterial biomass (3%), or converted to volatile fatty acids (VFA) and gas (CO2). 
The remaining 33% of polydextrose is excreted unchanged in feces. 
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Table 11.  Metabolism of [“CIPDX Administered Orally to Male Volunteers 

Radioactivity as Percent (%) 
of Administered Dose LOCUS 

11 Unchanged PDX (feces) I 33 II 
Fermentation products 

Bacterial biomass 

Volatile fatty acids and gas 

Tota 95 

Source Achouret al (19%) 

The results of this study by Achour et al. (1994) are in agreement with the previous study 
by Figdor and Rennhard (1983). Both studies demonstrate that (1) significant amounts of 
ingested polydextrose are excreted in the feces unchanged, (2) the remaining polydextrose is 
fermented within the lower gastrointestinal tract to COZ and volatile fatty acids and excreted 
primarily in expired air, ( 3 )  an insignificant amount is excreted in the urine and (4) colonic 
microbiota do not adapt to repeated exposure to polydextrose. Because the duration of exposure 
to polydextrose was considerably longer in t k  study by Achour et al. (1994) and no adverse 
effects were reported, the data indicate that doses up to 30 grams (Le., 0.5 g/kg bw/dax 
assuming body weight of 60 kg) of polydextrose are well tolerated. 

The effect of polydextrose ingestion on breath hydrogen and methane production were 
investigated by Kondo and Nakae (1996). Polydextrose (single administration of 7 g 
polydextrose/persodday) was administered in a beverage to men and women. The investigators 
found that polydextrose increased breath H2 and C& excretion only a small amount after about 
1-2 hours, suggesting that the production of short chain fatty acids as a source of energy was 
low. The increases were significantly less than were produced by fmctooligosaccharide or 
galactooligosaccharide. In another study, Solomons and Rosenthal(1985) investigated hydrogen 
gas production as an index of bacterial fermentation. Oral ingestion of 15 g polydextrose by 
healthy volunteers did not increase breath E. In an in vitro study, Mazur et al. (1993) 
demonstrated that compared to other soluble carbohydrates, polydextrose is slowly fermented. 

3. Summary of ADME Studies 
The disposition of polydextrose is similar between rats and humans. Figure 3 illustrates 

the disposition of orally ingested polydextrose in vivo. Polydextrose is not stored within tissues 
but, rather, is completely excreted in feces, expired air or urine. Only a minor amount 
(approximately 12% in rats) of polydextrose is digested by gastrointestinal mammalian enzymes 
within the small intestine (Radosta et al. 1992). Oku et al. (1991) reported that polydextrose has 
a few a(1-4) and/or a(l-6) glucose linkages that can he hydrolyzed by the small-intestinal 
digestive enzyme maltase. The degradation of polydextrose by rat jejunal enzymes (mucosal 
homogenates) has been investigated in vifro by Ziese et al. (1995), who demonstrated that 8% of 
2.5 mg/ml polydextrose was degraded and that this degradation could be inhibited by an a- 
glucosidase inhibitor (acarabose). Richter et al. (1994) reported that the in vibo digestibility of 
polydextrose by gastrointestinal mammalian enzymes is 22.5% and that this digestion results in 
its complete hydrolysis. Within the large intestine, polydextrose is subjected to degradation by 
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resident microbiota to C02 and volatile fatty acids (VFA), which are subsequently absorbed into 
the body. The CO2 that is produced within the large intestine and absorbed is transported to the 
lungs and excreted in expired air. Volatile fatty acids that are absorbed from the lower 
gastrointestinal tract are further degraded by mammalian enzymes to COZ and excreted in 
expired air, while a small amount is incorporated into excretory products, such as urea, and are 
subsequently excreted in the urine. Lastly, a significant portion of an orally ingested dose of 
polydextrose is excreted in the feces unaltered by either mammalian digestive enzymes or 
bacterial fermentation processes. 

I Polydextrose I 

VFA I Polydextrose I co2 gas 
-22% -33% 

FECES 

-. URINE 
I 

Polydextrose 
R 

Urea 
<2% 

Figure 3. Absorption, Distribution, Metabolism and Excretion of polydextrose. 

C. Preclinical Studies 

1. Biological Effects 

and, as discussed below, include general physiology, microbiota, nutrient absorption and 
diarrhea. The authors of the studies that investigated gastrointestinal effects did not distinguish 
whether the polydextrose administered was the acidic or neutral forms. 

The effects of polydextrose on the gastrointestinal tract have been investigated in rats 
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a. General Gastrointestinal Physiology 
Bamba et al. (1993) investigated the effect of polydextrose on brushborder membrane 

enzymes of the small intestine in Wistar rats. Male Wistar rats (4 weeks old; n=6 per group) were 
fed a basal diet or the basal diet supplemented with 5% polydextrose for 2 or 4 weeks. After the 
experiment was terminated, the intestine from the pylorus to the ileocecal valve was removed. 
The small intestinal mucosa was scraped and maltase, sucrase and alkaline phosphatase activities 
were measured. Body weight was reduced 6% and 11% in rats fed 5% polydextrose for 2 or 4 
weeks, respectively. Food intake was unaffected in rats fed polydextrose for 2 weeks, and 
reduced 16% in rats fed polydextrose for 4 weeks. Brushborder enzyme activity of the small 
intestine was unaffected by polydextrose treatment. The data indicate that polydextrose does not 
adversely affect small intestinal brushborder enzymes involved in digestion of complex 
carbohydrates. 

Murai et al. (1994) investigated the effect of polydextrose on fecal pH, water content, 
short-chain fatty acids (SCFA) and the amount of B-glucosidase, B- glucuronidase, tryptophanase, 
and urease of Sprague-Dawley rats. Male rats (100 g body weight; n=5 per group) were fed 
either a basal diet or a basal diet supplemented with 13% polydextrose (approximately 20 g/kg 
bw) for 12 days. Fecal water content, pH, SCFA, and enzyme activities were measured on the 
treatment days 4, 5, 6 and 12. Fecal water content was increased 13% in polydextrose-treated 
rats. Fecal pH and SCFA were unchanged by polydextrose treatment. When measured at fecal 
pH (Le., 6.19) the amount of B-glucosidase was increased 3.5-fold, while 0-glucuronidase and 
tryptophanase were reduced 69% and 25%, respectively. Fecal urease activity was unaffected by 
polydextrose. Polydextrose was administered only for 12 days; this short treatment duration is a 
limitation in the study design. The effect of polydextrose on food consumption in this study is 
unknown because it was not reported. Because only one dose level of polydextrose was used in 
this study, it is unclear whether the effects on fecal enzymes were attributable to treatment. 
Further, because enzyme activity was not measured and the optimal pH of fecal enzymes differs 
between rats and humans, the significance of polydextrose on these fecal enzymes is equivocal. 

Yoshioka et al. (1994) conducted two experiments in which the effect of polydextrose on 
the pH and morphology of the large intestine in Sprague-Dawley rats was investigated. In the 
first experiment, male rats (128-144 g body weight; ~ 1 5 - 1 6  per group) were fed a diet 
supplemented with 5% or 10% (i.e., 5 or 10 g/kg bw) polydextrose, cellulose, or galactomannan 
for 52 days. In the 10% groups, the levels of all three materials were gradually increased over a 
six-day period. On treatment day 53, rats were divided into two subgroups. In one group (1~10- 
1 I), rats were killed at 8:OO am (prior to eating) and cecal weight, surface area, crypt depth and 
muscular layer thickness and colonic weights and length were measured. In the second group 
(n=5), rats were killed at 11 :00 am (after eating) a d  cecum (luminal pH, weight, surface area, 
crypt depth, muscular layer thickness were measured) and colon (luminal pH, crypt depth and 
muscular lay thickness were measured) parameters were measured. In the second group (n=5), 
rats were killed at 1 1 :00 am (after eating) and cecum and colon parameters were measured. 

Table 12 presents the results of Yoshioka et al. (1994) concerning the effect of 
polydextrose, cellulose and galactomannanon the cecum and large intestine of rats treated for 52 
days. Food intake was slightly reduced by the higher concentration ofpolydextrose and to a 
lesser extent by galactomannaq though differences in body weight were not significant for any 
of the materials. Relative to the cellulose groups, both cecal weights and surface areas were 
higher in the polydextrose and galactomannan groups at both the 5% and 10% concentrations 
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and the values increased in a concentratiorrdependent manner. Constituents of rat cecal 
microbiota, including representative lactic acid bacteria (LAB) such as bifidobacteria and 
lactobacilli, are known to be stimulated by the inclusion of prebiotic materials such as raffinose 
(Dinoto et al. 2006). The growth of LAB and other bacteria capable of metabolizing 
polydextrose and galactomannan would reasonably be expected to produce lactic acid and 
additional short-chain fatty acids (SCFA), reducing the local pH in the process. Increased 
microbial biomass and subsequent nutrient exchange could contribute to increased cecal weight 
and this is supported by the observation that the cecal pH was reduced by both polydextrose and 
galactomannan. 

The muscular layer of the cecum also varied with treatment and was thickest in the rats 
fed the cellulose diets and thinnest in the rats fed polydextrose (Yoshioka et al. 1994). These 
differences were significant in both the 5% and 10% addition conditions, but there was no dose- 
response effect as the thickness of the cecal muscular layer did not differ between 5% and 10% 
additionof any of the three supplements. With regard to the thickness of the colonic muscular 
layer, there were no differences among the rats receiving cellulose, polydextrose, or 
galactomannan at 5% of the diet. At t k  10% addition, the rats receiving galactomannan had the 
thickest colonic muscle layers and those receiving polydextrose had the thinnest. Again, the 5% 
and 10% conditions were not significantly different, indicating no dose-response relationship. 
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Parameter 

Number of rats 

Body weight (9) 

Food intake (g) 

Cecal weight (9) 

Cellulose Polydextmse Galactomannan Cellulose PDX Galactomannan 
(5%) (5%) (5%) (10%) (10%) (10%) 

10 10 10 10 11 11 

444f7 432i4' 428f9 437f6 406f7 433i8 

972i12' 948f9' 863t13b 1008f16' 905f16b 833t18b 

o 60fO 03b' o edfo 04" 0 8OfO 02" 0 61fO 03' 1 24f0 05' 1 l8fO 0 4 8  

1 35f1 I 35*1 I 36f1 I 36f1 1 30*1 1 34f1 1) Cecalweighffsur- II face area (g/cd) 

Number of rats 5 5 5 5 5 5 

I 20f1 I 19*0' 1 18i1' I 20f1 I 22*1 I 21 f l  11 Colonic length 

Cecal pH 

Colonic pH 

(v) 
Cecal crypt depth 

Cecal muscular 
layer thickness 

Colonic crypt 
deoth fuml 

I 79M I 82 f l l  I 93i7 I 92f5 I 66f8 I 79i6 11 Colonic weighff II lensth Wan) 

6 6fO Is 6 1iO lb* 5 8f0 1'. 6 3fO 1' 5 8f0 lo 5 2fO 1c 

6 2f0 2 61fO2 5 8+0 1 65t01'  59 i01h  5 9fO 1 b  

103f6 138f12 107f9 134i9 139f16 117f8 

1 1953' 69f7b 96i13'b 123f7' 61i6b 97f15'b 

153i19 11 Of3 141f14 161i21 102f4 135+13 

I II Colonic muscular 
layer thickness I 150i15 1 101*18 126f18 I 127t10sb 1 77i9' I 159f218 

ValLes are meansrSEM Superscr pis show stgnficant o fference witn n 5% and IOo/* suppemeniat.on gro-ps (P . 0 05) I 
'StatisI.ca,ly sgn fcant difference Deiween 5% and 10% suppementation of tne same dietary fioer g r o ~ p  (0. 0 05) 
So-rce Yosnonaetal (19941 

In the second experiment (Yoshioka et al. 1994), male rats (195-221 g body weight; 
~ 1 3 - 1 4  per group) were fed either a fiber-free basal diet or the basal diet supplemented with 
5%, 10% or 20% polydextrose (5, 10 or 20 g/kg bw) for 92 days. The level of polydextrose in the 
10 and 20% groups was gradually increased over a 14 and 28 day period, respectively. Yoshioka 
et al. (1994) reported that rats were isoenergetically meakfed and that 4.2 kT/g was used as the 
energy value for polydextrose. On the 931d day of treatment, rats were killed and cecum and large 
intestine parameters were measured. Table 13 presents the effect of polydextrose on cecum and 
large intestine when fed to rats for 92 days. Body weights were unaffected by polydextrose 
treatment. Cecal weights, surface area and pH were dose-dependently affected by polydextrose 
treatment. Cecal weight and surface area were increased in rats treated with 10% polydextrose 

25 

900275 



272 

- 
mx PDX PDX 
(5%) (10%) (20%) 

Parameter Basal Diet 

Number of rats 9 9 9 8 

Body weight (g) 432*5 451f8 457f11 

11 Cecal surface area (cnt) I 15fl I 22f1 1 46f3' 1 63f3' (1 
Cecal weight (9) 1 3fO 1 1 8fO 1 5 3fO 9' 3 OiO 1' 

11 Numberofrats I 4 I 4 1 4  I 6 I1 

Cecal weighVsurface area ( g / d )  86i3 83*5 68f5 84f14 

Yoshioka et al. (1994) reported that regression analysis indicated a correlation between 
pH and cecal growth (Le., weight and surface area) in rats treated with polydextrose for 92 days. 
Based on this finding, Yoshioka et al. (1994) suggested that the lowering of the cecal pH is an 
important factor in stimulating intestinal mucosal growth. This finding is in agreement with 
previously published studies regarding the effects of high-fiber diets on rats (Jacobs and Lupton 
1986; Lupton et al. 1988). On first analysis there were no significant differences in cecal 
muscular layer thickness among the four groups. After removal from the 20% polydextrose 
group of two animals with high levels of neutrophilic leukocytes (indicating inflammation), the 
remaining polydextrose-fed rats had thinner cecal muscular layers than did the rats fed a fiber- 
free diet. Again, there was no significant dose-response relationship across the three levels of 
polydextrose. There were no significant differences in the thickness of colonic muscular layers 
between rats fed fiber- free and polydextrose diets. 

Although they offered no statistics, Yoshioka et al. (1994) reported that many 
neutrophilic leukocytes were in evidence in large intestine samples taken from rats consuming 

Cecal pH 6 8*0 1 6 2fO 1' 
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0130276 

Cecal crypt depth (pm) 

Cecal muscular layer thickness 

Colonic uypt depth (pm) 

Calonic muscular layer thickness 

(pm) 

(vm) 
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Cellulose 

the highest PDX dosage (20%). Two of eight rats were described as "not normal healthy 
rats.. .and as having inflammation of the large intestine." As cited above, a 20% inclusion rate of 
PDX would be expected to have a significant impact on cecal and colonic microbiota. Excess 
production of specific metabolic end products during microbial growth (e.g.. HzS, lactic acid) 
can also be associated with chronic inflammation. As an example, Nafday and coworkers (2005) 
demonstrated that the luminal administration to Sprague-Dawley rats of (300 mM) short chain 
fatty acids (SCFA), normal end products of the anaerobic fermentation of complex 
carbohydrates, resulted in mucosal injury. Interestingly, the severity of the colonic mucosal 
injury was maturation dependent, with higher injury scores occurring at postnatal ages 3 and 9 
days, and minimal scores at day 23. 

In order to further study the effects of dietary fiber on the muscular layer weight of the 
large intestine, Yoshioka et al. (1995) fed 80 male Sprague-Dawley rats (138 g body weight; 
n=16 per group) a basal diet supplemented with7% cellulose (control group), 7% polydextrose, 
7% guar gum (galactomannan), or 7% polydextrose with either kaolin or cellulose added at a rate 
of 10% w/w. Body weight gain, large intestinal weight, muscular weight of the large intestine, 
dry fecal weight, pH of the large intestinal contents and transit time were recordedmeasured. 

Body weight gain, pH (6.42-6.71) of the large intestinal contents and intestinal transit 
time were unaffected by polydextrose treatment (Table 14). While the diet with added 
polydextrose resulted in lower muscular weight of the large intestine than did either cellulose or 
guar gum, addition of either kaolin or cellulose obviated the effect, with cellulose addition the 
more effective of the two. Based on the finding that addition of either cellulose or kaolin to 
polydextrose prevented any thinning of the muscular layer of the large intestine, Yoshioka et al. 
(1995) concluded that the apparent effect of polydextrose on the muscular layer was actually due 
to the absence of bulk in the diet. 

Table 14. Effect of PDX, Cellulose, Guar Gum, and Combinations of PDX and Cellulose or Kaolin, on Body 
Weight and the Muscular and Total Weights of the Large htestine in Rats 

Polydextrose Polydextrose + Polydextrose + 
Cellulose Koalin Guar Gum 

I Dietary Groups (n = 8) II 
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In yet another study, Yoshioka et al. (1996) fed 6-week-old rats diets containing 7% 
added polydextrose, cellulose, or guar gum (galactomannan) for either 1 or 5 weeks. In both the 
1 -week and 5-week studies, there were no differences between the cellulose and polydextrose 
diets in weight gain or intestinal muscular weights, while the guar gum diet resulted in lower 
body weight but increased intestinal muscle weight. 

To summarize the studies of Yoshioka et al. (1994, 1995, 1996), the thickness of the 
intestinal muscular layer (especially in the cecum) appeared to be affected by the dietary 
interventions of adding polydextrose, cellulose, or galactomannan (guar gum) to the diet at levels 
of 5% or more. However, the reported effects were inconsistent both within and across the 
studies. Equally important, no dose-response effect was seen in those studies in which multiple 
dosages were fed. 

Since the addition of kaolin along with a source of soluble fiber negated the effect of the 
fiber alone, there is reason to believe that the bulk of the digesta plaFd a role in the effect, 
although Yoshioka et al. (1994 1995 1996) suggested fermentability may also be a key 
determinant. Some light may be shed on this issue by a study by Tanabe et al. (2006) of the 
effect of indigestible dietaly components on luminal mucin secretion. In this study, the authors 
concluded that the bulking effect was effective throughout the length of the large intestine while 
the effect of fermentability was limited to the cecum. 

Burdock and Flamm (1999) reported a number of animal toxicity studies of polydextrose 
that included necropsies in which any effects of polydextrose on the weights of orgns, including 
intestines, were assessed. Such assessments, of course, did not specifically measure the weight of 
the muscular layers, but would be expected to have detected substantial effects on muscular 
weight. Goodland and Wright (1 983), discussed below, suggested that differences in intestinal 
weight are due primarily to differences in the weight of the muscular layers, suggesting that such 
changes likely would have been observed in the necropsies. In none of the studies reported in 
Burdock and Flamm (1999) were any effects on intestinal weights reported. Studies included: 

-Male and female CD-1 mice received 0, 7.5, or 15 g k g  bw/day polydextrose for 528 days; 
-Male and female SD rats received 0, 2, or 10 gkg  bw/day polydextrose for 92 days; 
-Male and female SD rats received 0, 5, or 10 g/kg bw/day polydextrose for 704 days; and 
-Male and female beagle dogs received 0,2,4,  or 8 gikg bw/day polydextrose for 760 days. 

A number of other studies have examined the effect of diet on intestinal morphology, 
including muscular layers. Savory and Gentle (1976) fed adult Japanese quail for 4 weeks on 
either standard (low fiber) diet or a diet with 20% oak sawdust as a source of insoluble fiber. The 
latter diet resulted in increased gut size, and the authors concluded that this was a reflection of 
variations in food intake and bulk rather than an effect of fiber per se. 

Sakata (1986) fed rats with ileal fistulas an elemental diet with or without 10% kaolin and 
also provided either a mixture of short-chain fatty a d s  or a saline solution via the fistula for 14 
days. The addition of kaolin-inert bulk-resulted in greater muscular development of the 
digestive tract, supporting Savory and Gentle’s (1976) suggestion that thickening of the muscular 
layer resulted from increased bulk. 

Goodland and Wright (1983) fed 2-3-month old male Balb-c mice either pellets, 
elemental diet, or elemental diet with added kaolin or cellulose. Muscular atrophy occurred in the 
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distal third of the small intestine and muscular layers were thinner in all except the pellet-fed 
rats. The loss of muscle was greatest in the group receiving the elemental diet alone and least in 
the group receiving cellulose supplementation of the elemental diet. The authors concluded that 
the epithelial and muscle l a y s  of the colon can change independently and that inert hulk can 
stimulate the muscle. 

Starck and Rahmaan (2003) fed adult male Japanese quail either a standard diet or a high- 
fiber diet (40% nomdigestible fiber) for either 2 or 4 weeks and found that the high-fiber diet 
resulted in increased thickness of the intestinal muscular layer as well as such other effects as 
increased gizzard size, intestine length, mucosal surface, and vascularization of the mucosa. 
They concluded that, “Increased muscle layer thickness is certainly related to increased hulk.” 

Jacobs and Schneeman (1981) fed male Wistar rats a fiber-free diet or the same diet plus 
20% wheat bran, finding that the addition of wheat bran resulted in a highly significant increase 
in the thickness ofthe colonic muscular layer. 

Yasar and Forbes (1999) fed 7-day old broiler chicks air-dry mash with or without added 
water for 35 days. The mash with added water produced greater development of tissue glands of 
the proventriculus and gizzard. associated wih reduced thickness of the muscular layer of these 
segments. It was suggested that this resulted from decreased viscosity of the mash. The effects 
were seen primarily in the cecum and colon, less in the duodenum or in the small intestine. 

Marcal Natali et al. (2005) fed adult male Wistar rats either normoproteic (22% protein) 
or hypoproteic (8%) diets and found that protein restriction resulted in larger mucosa and smaller 
muscular layers in the duodenum. The authors saw this as adaptive changes in morphobgy to the 
nutritional condition. This finding also suggests that experimental diets that result in lower intake 
or absorption of protein may result in thinner intestinal muscular layers, and that this result is 
likely to be a result of the dietary distortion that results when a substance is tested with 
exaggerated doses rather than an effect of the substance itself. 

In a similar study, Schoffen et al. (2005) also compared the effects of hypoproteic and 
normoproteic diets in male Wistar rats. In this study, although the animals receiving the 
hypoproteic diet had thinner intestinal muscular layers than those receiving the normoproteic diet 
the effect was not statistically significant. 

It is clear from studies in a variety of species that there are many factors that influence 
both mucosal and muscular characteristics of the small and large intestines. These factors are not 
well understood, and it is not clear to what extent the changes are adaptive to the nutritional 
conditions and to what extent they are passive responses to changes in water content, bulk, 
fermentability, viscosity, or other attributes of the digesta. All of these factors, along with the 
protein content of the diet, have been suggested as influencing changes in the thickness and 
weight of the muscular layers of the large intestine or in specific regions of the intestine such as 
the cecum or colon. 

Further, there is no indication in any of the published research that these morphological 
changes are in any way harmful or nomreversihle. Rather, t k n  seem to be temporary 
accommodations to differences in the amount of bulk in the diet as well as other factors. Finally, 
it is to be noted that significant differences in intestinal muscular layer thickness result only from 
substantial changes in the bulk content, fiber content, or viscosity of the diet. Since the addition 
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of polydextrose to infant formula will not result in a dietary concentration higher than 0.2%, 
there is a reasonable certainty that no adverse changes will occur in the intestinal morphlogy of 
the infant as a result of this addition. 

Harada and coworkers (1995) investigated the potential impact of consumption of 
polydextrose or pectin on several markers of gastrointestinal development (maturation) during 
the weaning period using a suckling rat model. On postnatal day 10 Wistar Imamichi strain rats 
were divided into four groups and treated with pectin (0.25 ms/g bwt), polydextrose (2 mg or 4 
mg/g bwt) or saline (control) by orogastric instillation twice daily at 12 hour intervals for 7 days. 
At the end of the feeding period, each pup was infused with a macromolecular marker solution 
(50 mg/ml bovine immunoglobulin G in saline) via a polyethylene cannula passed into the 
stomach, incubated in a warm cage for four hours, bled by cardiac puncture under anesthesia, 
and the plasma separated by centrifugation. The small intestine, cecum, and large intestine and 
pancreas were removed and weighed. Histological sections prepared of the proximal small 
intestine were frozen for subsequent morphological investigation. 

At 16 days of age both small intestine length and wet cecal weight (including contents) 
were significantly increased by PDX (4 mg/g b d d a y )  and pectin (0.5 mg/g b d d a y ) ,  though to 
a greater extent by the former. Though lactase activity was unaffected by fiber, a dose-dependent 
increase in maltase activity was detected in the proximal small intestine following PDX 
treatment. Only a minor increase was observed with pectin treatment. 

Four hours after infusion, the plasma concentration of bovine IgG was highest in the 
control pups and reduced 74% and 90% in those receiving low (2 mg/g bwt) and high (4 mg/g 
bwt) doses of PDX, respectively. The authors failed to highlight a 25% reduction (point 
estimates) with pectin at a dosage of 0.25 mg/g bwt. The authors reported using a smaller pectin 
dose due to viscosity and even at a relatively low dose the material had an effect, suggesting that 
the activity is not unique to PDX. It is of interest to note that the authors cited viscosity as 
important factor in the activity of soluble fibers but then did not control the factor in their 
assessment. 

In addition, the authors reported that PDX treatment was associated with increased 
pancreatic enzyme activity and a reduction in the concentration of absorptive epithelial cells 
containing endocytotic vesicles in the jejunum. Unfortunately, they did not take similar measures 
in the pectin treated group. 

Following the observation that orally administered polydextrose induced intestinal 
closure of macromolecular transmission and precocious increase in maltase and pancreatic 
enzyme activity, the authors concluded that the oligosaccharide induced precocious maturation 
of the small intestine and exocrine pancrease in the suckling rat. Based on lesser effects observed 
with the significantly lower dose of pectin, and a lack of comparable measurements, the 
possibility of similar activity cannot be excluded. 

At least three major factors have been shown to influence intestinal maturation including: 
1) an intrinsic timing mechanism (coordinates transition to adult phenotype); 2) circulating 
hormones ( i t .  glucocorticoids); and 3) extrinsic factors such as the luminal microbiota 
(Nanthakumar et al. 2005). The impact of the latter two factors on the intestinal maturation of 
Black Swiss mice was recently evaluated by Nanthakumar and coworkers. Litters of suckling 
mice were randomly divided and treated with a single subcutaneous dose of cortisone acetate 
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suspended in normal saline (Control) and maintained with their dams until sacrifice at 14 days. 
Germ free (GF) mice of the same strain were maintained under GF conditions for four weeks and 
subsequently inoculated with the intestinal contents of age-matched conventional (CONV) mice. 
They, along with age-matched GF and CONV mice were sacrificed two weeks later and the 
small intestines harvested, washed, and divided into duodenum, jejunum and ileum sections and 
assayed for trehalase (a maker of general gut development) and B1,4- galactosyltransferase 
(BGT) (a marker of glycosyltransferase development) gene expression, 

In mammals, bacterial colonization begins at birth and adherence is mediated in part 
through interactions with glycoconjugates on brush border membranes. Bacterial colonization 
has been shown to regulate the activity of host glycosyltransferases which leads to changes in 
intestinal surface carbohydrates. As the BGT enzyme is involved in the synthesis of the glycan 
core (and not the more variable carbohydrate terminus) it was assayed as a potential marker of 
developmental variation in general glycan expression. Trehalase, which is involved in the 
digestion of Glc a1,6 Glc from branched chain dietary glucans, was selected as a potential 
marker for enterocyte development. 

In CONV mice, both BGT and trehalase gene expression increased to adult levels by the 
fourth postnatal week (Nanthakumar et al. 2005). In contrast, BGT expression remained at a low 
levels in GF mice until stimulated by the introduction of adult luminal microbes (but not the 
microbiota of suckling mice). Comparable developmental patterns in colonic galactosyl B1,4- 
linked glycoconjugates (the product BGT activity) were observed. These results indicated that the 
normal development of an adult pattern of glycosyltransferase expression depended upon the 
presence of microbiota that were typical of the adult gut, suggesting an essential role for specific 
bacterial colonization in intestinal mucosal cell surface glycoconjugate receptor ontogeny. 

Butyrate short-chain fatty acids (SCFA), are one of the primary end products resulting 
from the anaerobic bacterial fermentation of complex carbohydrates (including prebiotic 
oligosaccharides) in the gastrointestinal tracts of humans and other mammals. Efficient 
metabolism of PDX to SCFA (including butyrate) by human colonic bacteria has been 
demonstrated using a three-stage, continuous culture system (Probert et al. 2004). Concurrently, 
PDX had a stimulatory effect on the colonic hifidobacteria populations at concentrations of 1% 
and 2%. Butyrate has also been identified as the preferred energy source for the colonic mucosa 
and is thought to play a largely protective role in gastrointestinal health (reviewed by Pryde et al. 
2002). 

Kotunia and coworkers (2004) recently investigated the effects of butyrate on small 
intestinal development in neonatal piglets fed by an artificial sow. In the study 3 day old piglets 
were fed for 7 days with an artificial milk formula alone (Control) or the control formula 
supplemented with sodium butyrate (0.3 g/lOO g dry matter). At 10 days of life, the piglets were 
sacrificed and whole-thickness samples of the duodenum, jejunum and ileum were fixed for 
histological analysis. In addition, blood and mucosal scrapings were collected for plasma gastrin, 
cholecystokinin (CCK) and pancreatic polypeptide (PP) and intestinal brush border enzyme 
activities, respectively. Sodium butyrate supplementation resulted in increased crypt depth, villi 
length and mucosa thickness in the distal jejunum and ileum. While no effect was observed on 
intestinal brush border enzyme activity, plasma CCK and PP were increased. The authors 
concluded that sodium butyrate supplementation contributed to intestinal mucosa development in 
neomtal piglets. 
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It is increasingly recognized that postnatal gut maturation is partially modulated by the 
bacterial colonization process. This hypothesis was recently evaluated by Schumann et al. (2005) 
by treating suckling Sprague-Dawley rats with daily administration of a broad-spectrum 
antibiotic (Clamoxyl, a commercial preparation of amoxicillin) from postnatal day 7 until day 17 
or 21. The proximal and distal small intestine and colon were removed and frozen for microarray 
analysis of gene expression after their luminal contents were removed in ice-cold sterile saline. 
Clamoxyl treatment drastically reduced total aerobic and anaerobic bacteria and almost 
completely eradicated lactobacilli from the whole intestine. A significant portion of the genes 
undergoing maturation (10-30% depending upon location) were modulated by Clamoxyl 
treatment. Downregulation of Paneth cell products (defensins, matrilysin) and major 
histocompatibility complex (MHC) class Ib and I1 genes (involved in antigen presentation) was 
also observed. 

A different research group demonstrated that Paneth cells (a key component of the innate 
immune system) were strategically positioned to coordinate the development of the underlying 
vasculature of intestinal villi and the normal microbiota (Shppenbeck et al. 2002). Taken 
together, these results suggest that early treatment with antibiotics (with the concomitant impact 
on the resident microbiota) has the potential to negatively influence gut barrier function at the 
critical suckling- weaning interface. 

The early intestinal maturation (closure) in suckling rats that was observed by Harada et 
al. (1995) that occurred in the polydextrose treated groups could be attributed to changes in the 
resident microbiota and their metabolic end products. Intestinal maturation is known to be 
influenced by multiple factors including the luminal microbiota. Changes in intestinal maturation 
have been demonstrated in studies where normal microbiota were either supplied to gemfree  
animals or radically altered via broad-spectrum antibiotic treatment. Further studies have shown 
that the potential impact of microbiota on intestinal maturation could be mediated through simple 
metabolic end products such as butyrate, one of the SCFA produced during the anaerobic 
fermentation of polydextrose and other complex polysaccharides. 

An additional interpretation of the results of Harada et al. (1995) is that early intestinal 
maturation may represent a physiological mechanism by which prebiotic oligosaccharides 
decrease the risk ofinfection and/or food intolerance (allergy) via the exclusion of pathogenic 
microorganisms and dietary antigens, respectively. This is certainly plausible as breast feeding 
has long been associated with such protective effects, and breast milk is known to contain 
significant quantities of a range of oligosaccharides (actually the third largest component). This 
in line with the rationale of adding PDX to infant formula to mimic the performance of human 
milk oligosaccharides. 

In summary, the changes in intestinal morphology observed by Yoshioka and by Harada 
are not unique to polydextrose but rather occur in multiple species with other fermentable bulk 
substances and thus appear to be generalized effects of prebiotics. Additionally, there is no 
reason to regird them as adverse but rather as adaptive and potentially protective and thus 
arguably beneficial. 

b. Gastrointestinal Micro biota 
Sugawa-Katayama (1994) investigated the effect of polydextrose on cecal microbiota of 

three-week old male Sprague-Dawley rats. Rats (n = 4) were fed a basal diet supplemented with 
5% cellulose (control) or 10% polydextrose (6.8 gikg hw) for 4 weeks. After the four-week 
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treatment period, body weights (g), food intake @day), feces excreted @day), cecal pH, cecal 
content (9) a d  cecal microbiota (Enterobacteriaceae, Streptococcus, Staphylococcus, 
Lactobacillus, Bifidobacterium, Eubacterium, Bacteroidaceae, Peptococcaceae and Clostridium) 
were measured. Mean body weights, body weight gain and food intake were unaffected by 
polydextrose treatment. Polydextrose feeding resulted in diarrhea during the first three days, soft 
stools after one week and solid stools after three weeks of feeding. Cecal pH of polydextrose- 
treated rats was decreased compared to the control group. Cecal content was increased 167% in 
rats treated with polydextrose. Of the nine groups of microbiota examined, three were found to 
be elevated above control rats and included Enterobacteriaceae (7.750.6 polydextrose versus 
6.8*0.2 control), Streptococcus (8.1k0.2 polydextrose versus 5.92~0.4 control) and 
Peptococcaceae (9.7i0.3 versus 8.8i0.5). The investigators did not provide any interpretations of 
these increases. The other six species of microbiota were unaffected by polydextrose. 

c. Nutrient Absorption 
In the following sections, the effect of polydextrose on gastrointestinal absorption 

processes, and the absorption of glucose, calcium and lipids in rats is critically evaluated. 

(1) Transport Processes 
Yoshioka et al. (1996) investigated the effect of polydextrose on absorptive processes 

(Le., passive carrier-mediated transport rate, active carrier-mediated transport rate, and 
intracellular permeation rate) in Sprague-Dawley rats. Male rats ( ~ 1 6  per group) were fed a 
nompurified diet supplemented with 7% polydextrose (12 gikg bw) for 1 or 5 weeks. The control 
group was fed the nompurified diet supplemented with 7% cellulose. On the final day of the 
experiment, body weights were recorded, animals were killed and the small intestine was 
removed, weighed and analyzed for absorption rate. Absorption rate was measured using the 
everted sac technique. Data were analyzed for statistically significant differences by ANOVA 
and Tukey's post-hoc test. Body weights, small intestinal weights and small intestinal mucosal 
and muscular weights were unaffected by polydextrose treatment. After 1 week of treatment with 
polydextrose, in vitro measurements of passive carrier-mediated transport, active carrier- 
mediated transport and intracellular permeation rates were reduced up to 90%. After 5 weeks of 
treatment, all three absorption processes were unaffected in rats treated with polydextrose. The 
data indicate that, although initial absorption processes decrease in polydextrose-treated rats, the 
rat gastrointestinal tract adapts and restores the absorptive function to normal capacity. 

(2) Glucose 
Glucose absorption from the gastrointestinal tract in rats is reported to be unaffected by 

polydextrose (Fuse et al. 1991; Ogata et al. 1997). Ogata et al. (1997) is critically evaluated on 
page 34. 

(3) Calcium 
Hara et al. (2000) investigated the effect of polydextrose on calcium absorption m vivo 

and in vitro. In the in vivo experiment, normal or gastrectomized male Sprague-Dawley rats 
( ~ 2 2  and 21, respectively) were fed polydextrose (5% dietary concentration or approximately 2 
g/kg bw) for 21 days. Calcium (3.0 g Cakg diet) was supplied as CaCO3 (water-insoluble salt). 
Vitamin B12 and FeCh were administered subcutaneously every 5 days. Body weights and food 
consumption were measured daily. Feces were collected continuously for the last 3 days for 
evaluation of calcium excretion and apparent calcium absorption. The study was terminated by 
killing the rats and removing the right femur and cecum (with contents). For the in vitro 
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experiment, everted sacs of the jejunum and ileum (Le., small intestine) were bathed in an 
artificial mucosal fluid containing polydextrose (50 glliter) and calcium (10 mM CaCh). 
Artificial serosal fluid was passed through the sacs and analyzed for calcium. 

In the in V I V O  study, mean body weights of polydextrose-treated normal and 
gastrectomized rats were increased 11% and 27% by the end of the 21-day treatment period. 
Mean food intake was unaffected by polydextrose treatment in either mrmal or gastrectomized 
rats. Mean fecal dry weights were unaffected by polydextrose fed to normal rats and increased 
23% in gastrectomized rats fed polydextrose. Apparent absorption of calcium from the 
gastrointestinal tract was increased 8% and 100% in polydextrose fed normal and gastrectomized 
rats, respectively. Calcium absorption was significantly lower in control gastrectomized than 
normal control rats (1 5% versus ?%’o absorption, respectively). Mean femur weights were 
unaffected by polydextrose treatmnt in normal and gastrectomized rats. Mean femur calcium 
content was increased 5% and 10% in polydextrose-treated normal and gastrectomized rats, 
respectively. Mean weights of the cecal wall and cecal contents were increased by 68 and 237%, 
respectively, in normal rats treated with polydextrose; and increased in polydextrose-treated 
gastrectomized rats by 69 and 224%, respectively. Mean cecal pH was reduced in polydextrose 
treated normal rats (6.29 treated versus 7.26 control) and polydextrose-treated gastrectomized 
rats (6.06 treated versus 7.07 control). In the in vitro study, calcium absorption increased 42% in 
sacs obtained from the ileum. Calcium absorption in sacs obtained from the jejunum was 
unaffected by polydextrose in vitro. 

In summary, the results from these m VIVO and in vitro experiments indicate that 
polydextrose does not interfere with calcium absorption from the gastrointestinal tract, but rather, 
increases its absorption leading to increased calcium incorporation into bone, a beneficial effect. 

(4) Lipid 
Ogata et al. (1997) investigated the effect of polydextrose on lipid absorption in Sprague- 

Dawley rats. Male rats (2380-330 g) were infused with a lipid emulsion that contained 5% or 
10% polydextrose (3 m l h  for 8 hours). The total amount of polydextrose administered was 4 
and 8 g k g  bw. The lipid emulsion contained 0.354 g of triolein, 1 pCi glycerol tri[9,10(n)- 
3H]oleate, 0.051 g of cholesteryl oleate and 10 pCi [l-’4C]cholestelyl oleate. Total lymph flow, 
small intestine luminal volume, and lymphatic radioactivity output were measured. In rats 
infused with 10% polydextrose, lymph flow was reduced 35%’ compared to the vehicle control 
group, while small intestinal luminal volume was increased 62%. Lymphatic radioactivity output 
of triolein was reduced 19% and 32% in rats infused with 5% and 10% polydextrose, 
respectively. Lymphatic radioactivity output of cholesterol was reduced 10% and 15.9% in rats 
infused with 5% and 10% polydextrose, respectively. The percentage of infused triolein and 
cholesterol in the lumen of the gastrointestinal tract was dose-dependently increased in the 
proximal small intestine. The data indicate that polydextrose retarded lymphatic transport of 
triolein and cholesterol in the mesenteric lymphfistula rats, as well as inhibited lipid absorption. 
Ogata et al. also reported that glucose absorption was unaffected by polydextrose infusion. 

Choi et al. (1998) investigated the effect of polydextrose on lipid metabolism in male 
Sprague-Dawley rats. Rats (n=8- I O  per group) %re fed a diet supplemented with 5% (w/w) a- 
cellulose (control group) or 5% polydextrose for 6 weeks. After the treatment period, blood was 
sampled and the liver and small bowel were removed and analyzed for lipids. Jejunal maltase 
and sucrase activities were also measured. Body weight gain, feed efficiency and relative liver 
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weights were unaffected by polydextrose treatment. Plasma and hepatic total cholesterol, 
triglyceride and HDL cholesterol were also unaffected. Daily excretion of total lipids, cholesterol 
and bile acids were reduced 44%, 57% and 82%. respectively in rats whose diets were 
supplemented with polydextrose. The mechanism of increased excretion of lipids and bile acids 
may be related to increased water holding capacity (which slows gastric emptying) and an 
increased binding of bile acids, respectively. Maltase activity was unaffected by polydextrose 
treatment, while sucrase activity was reduced 31%. Choi et al. proposed that the reduced sucrase 
activity might contribute to normalization of serum glucose concentration. 

d. Laxation 
Laxation is a general term that refers to the normal process of defecation (elimination of 

fecal waste through the anus). While there is no strict definition for what constitutes normal 
laxation, the presence of softer, looser stools falls within a continuum of normal stool patterns. 
As an example, Stedman’s Medical Dictionary refers to laxation as a bowel movement 
characterized by soft stools and reduced gastrointestinal transit time (Spraycar 1995e). The 
occurrence of a softer, looser stool pattern is typically reported for breast fed infants. When 
compared to formula fed infants, breast fed infants have been shown to pass more stools per day 
(median of 1.6 versus 4.4, respectively), the greatest range of stools per day (0.6-3.9 versus 0.3- 
8.0, respectively), as well as looser (runny, pasty) stools (Tham et al. 1996). This laxation 
(stooling) pattern could be attributed, in part, to the presence of significant quantities (5-10 g/L 
mature milk) of a large complex (> 130 structures) of human milk oligosaccharides (HMO) 
(reviewed by Bode 2006). 

Even though a generally accepted definition of normal laxation is not available, 
constipation has been defined as “a lack of laxation and/or necessity of laxative therapy in at 
least 3 out of 6 days,” (Meissner et al. 2000) and “difficulty in passing stools or an incomplete or 
infrequent passage of hard stools (Anderson2003). When the term laxation is used in clinical 
literature, it is often in relationship to constipation, where the intended effect of a dietary or 
pharmaceutical intervention is the stimulation of a normal defecation pattern, or production of 
looser stools for more comfortable defecation. 

It is important to distinguish diarrhea from laxation. Diarrhea is characterized by the 
presence of frequent, watery bowel movements accompanied by an excessive loss of fluid and 
electrolytes. The most widely accepted clinical definition of a diarrhea day is one where a subject 
“experiences three or more loose or watery stools in 24 hours or any number of loose or watery 
bloody stools,” (Wright et al. 2006). Though the physiological basis for diarrhea is disturbed 
intestinal transport of solutes (primarily sodium, chloride and glucose) followed by passive water 
movement, several mechanisms, including secretory and osmotic abnormalities, have been 
identified as typical causative agents (Behrmen et al. 2004). Secretory diarrhea is characterized 
by watery, voluminous defecations, and is typically driven by the binding of a secretogue (e.g. 
cholera toxin) to a receptor on the intestinal epithelium. Osmotic diarrhea is usually of lesser 
volume, stops with fasting and is often associated with the ingestion of a poorly absorbed solute 
(e.g. magnesium). In infants, acute diarrhea is more commonly associated with gastroenteritis, 
systemic infection andor antibiotic use while the Causes ofchronic diarrhea are likely to include 
food intolerance (e.g. cow’s milk soy protein) or other disease states (e.g. cystic fibrosis, celiac 
disease). 
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Diarrhea then is an abnormal condition characterized by the frequent excretion of 
semisolid or fluid (is., watery) feces from the bowel (Spraycar 1995b). Thus, what distinguishes 
diarrhea from laxation is the frequency of fecal excretion and the watery consistency of the 
excreted feces as well as the loss of fluid and electrolytes. Laxation is generally not adverse to 
health; indeed, as has been noted, as compared with formula- fed infants, breast- fed infants 
generally exhibit a stooling pattern characterized by more frequent defecation, looser stools, and 
softer stools. Laxation effects that produce this pattern of stooling may thus be regarded as 
beneficial and clearly not adverse. Chronic diarrhea, on the other hand, can have deleterious 
health consequences when a nutritional deficit develops. Infants are particularly susceptible to 
the deleterious health effects of chronic diarrhea when the severity is sufficient to adversely 
impact nutritional intake and growth. It is not unexpected that substances that result in desirable 
laxation effects at certain levels of intake may produce diarrhea at higher levels; this ability to 
produce diarrhea at high levels of intake is not incompatible with the substance being regarded as 
safe under conditions of use that result in lower levels of intake. 

Of the studies reporting a laxative effect by polydextrose in rats, there is some variation 
in the lowest dietary concentration that elicits the effect. For instance, Huang and Hsu (1996) 
reported that a purified diet supplemented with 5% polydextrose and fed to male Sprague- 
Dawley rats for 12 weeks resulted in diarrhea. Yoshioka et al. (1995) reported that the lowest 
dietary concentration that produced diarrhea in male Sprague-Dawley rats was 8%. In another 
study, Kanauchi et al. (1997) reported that a dietary concentration of 6% polydextrose fed to 
male Sprague-Dawley rats produced diarrhea. These slight differences in dietary concentrations 
are probably due to a combination of experimental factors, such as initial body weight of the rats 
and type of diet (purified versm nompurified). Although the investigators of these studies did not 
report the dose of polydextrose on a g/kg bw/day basis, it is estimated that the polydextrose dose 
used in these studies to produce diarrhea in rats was 10 g k g  bw/day or greater. Dow Corning 
(1994) reported that a daily diet of 15 g polydextrose (48 g k g  bw/day) fed to adult male 
Sprague-Dawley rats ( ~ 5 )  for 7 days resulted in slight anal leakage (2 out of 5 rats) and oily 
feces (2 out of 5 rats). Treatment with polydextrose had no effect on body weight, body weight 
gain or food consumption. Because Yoshioka et al. (1995) demonstrated that a dietary 
polydextrose concentration below 8% did not elicit diarrhea in the rat, IO gikg bw/day is 
considered the lowest-observed-effect-level (LOEL). 

Grossklaus et al. (1984) investigated the effect of sugar substitutes, including 
polydextrose, on the formation of short-chain fatty acids in the ceca of nomadapted and adapted 
juvenile rats (strain and gender were not reported). Rats were adapted by administration of 5% 
polydextrose in the drinking water ad-libitum for 12 days. Mean initial body weight of juvenile 
rats was 50.1 g, while mean body weight after adaptation was 102.5 g. In both nortadapted and 
adapted rats, polydextrose (1.5 or 3.0 g/kg bw/day) was administered intragastrically. One 
hundred and eighty minutes after polydextrose administration, cecal short-chain fatty acids 
(SCFA), water, pH and osmolality were measured. The SCFA were determined by gas 
chromatography in cecal water. Control rats for both nomadapted and adapted groups were 
fasted animals. 

In nomadapted and adapted rats, cecal osmolality was unaffected by polydextrose 
treatment (Table 15) Cecal pH was reduced in nomadapted rats treated with the higher 
polydextrose dose (Le., 3 g k g  bw/day), while pH was unaffected at the lower dose. (Cecal pH 
was reduced in rats treated with 1.5 or 3.0 g/kg bwidaypolydextrose.) Cecal water content was 
increased in both nomadapted and adapted rats treated with 1.5 g k g  bwidaypolydextrose (72% 
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Osmolality 
(mosdg) 

Cecal water (ml) 

and 589'0, respectively) or 3 g k g  bw/daypolydextrose (271% and 170%, respectively). In nom 
adapted rats, total SCFA was unaffected by the lower polydextrose dose and reduced 53% in rats 
treated at the higher dose. In adapted rats, total SCFA was unaffected by polydextrose treatment. 
Further investigation of specific SCFA in the nomadapted rats showed that acetic and propionic 
acids were reduced (42%-61% and 21%-41%, respectively) in rats treated with polydextrose 
(Table 16), while butyric acid was unaffected. In contrast to nomadapted rats, acetic and 
propionic acids were unaffected by polydextrose treatment in the adopted rats. 

Table 15. Effect ofPDX on Cecal Parameters of Adapted and Non-Adapted Juvenile Rats 

Adapted (dose glkg bwld) Non-Adapted (dose glkg bwld) 
Parameter 

Controt I I .5 I 3 I Controt I 1.5 I 3.0 

395f40 434i120 389i38 387f64 397*30 425f41 

0 195iO 07 0 335*0 106' 0 724iO 194. 0 277+0 057 0 43854 167' 0 74654 288' 

- 
Short-Chain Non-Adapted (dose gkg bwld) Adapted (dose glkg bwld) 
Fatly Acids 
(mmoldl) Control 1.5 3 Control 1.5 3.0 

Acetic acid 54 4i5 4 31 4f9 6' 21 4f8 9' 38 1*9 3 43 8f19 9 36 8i9 4 
Propionic acid 13 9i1 8 1 1  Of2 0' 8 2f3 2* 11 1i3 3 129+46 8 ai1 7 

Butyric acid 7Zi1 5 8 7i3 1 66*2 1 6 If2 7 9 4iZ 9 81*38 

*Significantly different from wntrol using the Wllcoxon test (pC0 05) The SCFA were determined by gas chromatography in cecal 
water at 180 minutes afler polydextrose administration 
Source Grossklaus et al (1984) 

The investigators reported a negative correlation between net cecal water content and 
total SCFA concentration. According to Grossklaus et al., the decline in cecal pH is an indicator 
of fermentation, while reduced SCFA is unequivocal evidence of fermentationrhus, the 
reduction in SCFA concentration is due to a dilution effect. Grossklaus et al. concluded "the 
quantitative determination of the short-chain fatty acids in the cecum of the rat shows clearly that 
noc-absorbed fractions of sugar substitutes can undergo belated metabolism by fermentation by 
the intestinal flora." Importantly, according to these investigators, "adaptation results in the 
cessation of initial diarrhea". 

Lorenz and Grossklaus (1984) investigated the osmotic effect of various sugar 
substitutes, Le., sucrose, sorbitol, palatinit@, lycasin@ or polydextrose@ (in electrolyte solutions) 
in juvenile rats orally dosed. Male Wistar rats (100 grams body weight) were fasted for 16 hours, 
then gavaged with 1.5 ml of 10% or 20% solution. A control group was included that was dosed 
with sugar-substitute-free electrolyte solution. After 15, 30, 60 and 180 minutes of test solution 
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administration, rats were anesthetized and blood sampled from the portal vein and analyzed for 
glucose concentration. The contents of the stomach, small intestine and cecum were collected 
and analyzed for net water movement. Net water movement in the gastrointestinal tract was 
dependent on the type of sugar substitute. Sorbitol was the most effective at increasing net water 
movement, whereas polydextrose was the least effective. Thus, polydextrose had the mildest 
osmotic effect as compared to the other sugar substitutes. Unlike the other sugar substitutes, 
polydextrose resulted in a lower rise in blood glucose. These data indicate that short-term 
administration of polydextrose produces less diarrhea in rats compared to other sugar substitutes. 

e. Summary of Biological Effects of Polydextrose in Rats 
The effect of polydextrose on the gastrointestinal tract has been extensively investigated 

in experimental animals, although as noted earlier, the experimenters in these studies did not 
indicate whether the polydextrose administered was the acidic or neutral form. The studies 
indicate that polydextrose has potential beneficial effects to the gastrointestinal system, such as 
increased calcium absorption, growth and neonatal maturation (Yoshioka et al. 1994; 1995; Hara 
et al. 2000). The latter beneficial effect, neonatal maturation, is of particular interest because it 
helps protect neotates from invasive external pathogens. 

The effect of polydextrose on gastrointestinal absorption has been investigated in several 
studies, and the data indicate that polydextrose has minimal effect on gastrointestinal absorption. 
The reduced absorptive capacity within the first week of administration observed in rats treated 
with very high doses of polydextrose (12 gikg bw or more) is a transient effect and absorptive 
capacity is fully restored by the 5th week of administration. In support of the lack of an 
appreciable effect on gastrointestinal absorption, it was demonstrated that polydextrose does not 
interfere with glucose absorption, and effectively enhances calcium absorption. The lack of an 
effect on absorption is in agreement with Osamu et al. (1990) and Huang et al. (1996). 

The only potentially adverse effect of polydextrose to the gastrointestinal tract is 
diarrhea. The diarrhea effect is dose-dependent and the lowest effective dose level for inducing 
diarrhea in rats is estimated to be 10 gkg  bw/day. Importantly, it has been demonstrated that 
polydextrose does not adversely affect normal passive carrier-mediated and active carrier- 
mediated transport processes and does not interfere with intestinal absorption of sugars, minerals 
and lipids. Polydextrose also does not adversely affect gastrointestinal microbiota. The data 
indicate that even moderately high doses of polydextrose (Le., up to 10 g k g  bw/day) do not 
directly produce an adverse effect on gastrointestinal function that impairs the health of rats. 

2. Toxicity Studies 
Preclinical safety studies (conducted in bacteria, tissues and nom human species) are 

intended to identify and characterize potential hazards that might be elicited in humans when 
polydextrose is consumed in infant formula. These studies include both in vitvo (usually cell 
cultures) and in vivo (whole animal) protocols. Between 1972 and 1979, Pfizer, Inc. conducted 
numerous preclinical safety studies on both forms of polydextrose (acidic and neutral). While 
these studies were submitted to FDA in support of a Food Additive Petition, they were not 
published in the scientific literature as individual studies. Rather, as is not uncommon with series 
of toxicity studies on a single substance, they were all published in a single article that presented 
a compendium of the preclinical research on polydextrose. This article, by Burdock and Flamm 
(1999), was published under the title, “A Review of the studies of the Safety of Polydextrose in 
Food.” This title may have been unfortunate, in that “reviews” are generally considered as 
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background materials that lack sufficient information on individual studies to allow the scientific 
and regulatory communities to determine whether all critical elements are present from which 
scientific conclusions can be drawn. It is the opinion of MJ that this article is actually not a 
review at all, but rather a compilationof original research reports with a common discussion and 
conclusions. These individual reports were prepared by Burdock and Flamm based on tkir  own 
analysis of the raw data from the toxicological laboratories, and not, as in a true review article, 
from summary reports prepared by others. In our opinion, each individual research study is 
reported at a level of detail consistent with that which would be available if the studies had been 
published individually. What Burdock and Flamm (1999) offers, in addition to detailed 
descriptions of the individual research studies, is a synthesis of the implications of the studies 
taken as a whole, a synthesis that could not have been provided if each study had been published 
individually. In this respect, the synthesis portion of the article does resemble a review, except 
that it integrates studies all published together in this single article rather than independently. It is 
probably for this reason that the authors chose to call the article a “review” rather than a 
“compendium” or something similar. 

Our position that Burdock and Flamm (1999) is properly regarded as a compendium of 
studies rather than a review, and that it constitutes original publication of the toxicological 
research consistent with the requirement for GRAS status, is based on four considerations: 

1. It does not meet the definition of a review article. 
2. It is not formatted as a review article. 
3. It presents analyses based on examination and analysis of raw data rather than summary 

reports. 
4. It describes the research methods and results at a level of detail consistent with original 

publication rather than a review article. 

We believe that these considerations, discussed more fully below, are sufficiently 
compelling that FDA can agree with our position without in any way compromising its stance 
that review articles alone are not sufficient to provide “general availability” of the information 
demonstrating general recognition of safety. 

Burdock and Flamm (1999) does not meet the definition of a review article. 

The term “review article” has a specific definition which is not met by the Burdock and 
Flamm article. Van Buskirk (1984), in an article discussing some ambiguities in National Library 
of Medicine patrons’ understanding of the term “review article,” quotes the MEDLARS Indexing 
Manual Part I1 as defining a “review” as a “review of the recent literature” or “review of the 
current literature.” Although some ambiguities remain (such as whether a “review of cases” or a 
history of research in an area constitutes a review), it is clear that a critical mandatory requisite 
for an article to be regarded as a review is that it must deal with published articles, with the 
literature. Since the Burdock and Flamm article does not summarize previously published 
material, it is not a review article despite its title. 

Burdock and Flamm (1999) is not formatted as a review article. 

Review articles typically do not include “Methods” and “Results” sections. Rather, they 
include a brief listing of the studies to be included in the review, often in tabular form, usually 
giving only brief descriptions (if any) of the design of each study. Once the universe of studies to 
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be reviewed has been identified, the review article typically addresses similarities and 
differences in the research findings. It is at this stage that study designs and methodologies may 
be introduced as possible explanations for seemingly inconsistent findings. Finally, the typical 
review article concludes with a discussion of the implications of the totality of the research 
reviewed-what relationships appear to have been consistently demonstrated or consistently 
refuted, what relationships appear to be poorly understood, and what additional research 
questions seem most paramount. 

Burdock and Flamm (1999), on the other hand, is formatted as what it is-a series of 
toxicity studies of a single compound, polydextrose, presented one after another. The article 
contains an introduction followed by a “Methods” section in which each study is described, one 
at a time, as it would be in the “Methods” section of a stand-alone report. This is followed by a 
“Results” section in which the findings of each study are described, one at a time, as they would 
be in a stand-alone report. The “Methods” and “Results” sections of Burdock and Flamm could 
be cut apart with scissors and reassembled into independent reports of each study, a feat that 
would never be possible with a true review article. Only in the “Discussion” section does the 
Burdock and Flamm paper abandon its treatment of each study as an independent piece of 
research and address itself to the conclusions that can be reached from the totality of research. 

Burdock and Flamm (1999) presents analyses based on examination of raw data 
rather than of summary reports. 

Not only are review articles normally based on the published literature, they are 
invariably based on reports of the findings of research rather than on direct inspection of the raw 
data provided by the research. This is not the case with Burdock and Flamm’s article. It was 
prepared in the same way as journal articles of individual toxicity studies are prepared, by 
inspection of the raw data as well as the principal investigators’ study reports. George Burdock, 
the senior author of the article, and Gary Flamm received and reviewed the raw data. Based on 
this review, Drs. Burdock and Flamm prepared the descriptions of the results of each study and 
the conclusions from the research as a whole. In this regard is should be noted that Burdock and 
Flamm take full responsibility and credit for the results and conclusions by not citing previous 
researchers. The scientists who actually conducted the toxicity studies are listed alphabetically in 
the “Acknowledgments” paragraph, where they are credited only with “carrying out the studies 
herein.” They are not credited with analyzing, reporting, or interpreting the findings of the 
studies. 

Burdock and Flamm (1999) describes the research methods and results at a level of 
detail consistent with original publication rather than a review. 

We wish to emphasize, as FDA is of course also aware, that the need for general 
availability of safety information in GRAS determinations is to assure that “general recognition” 
of safety by the scientific community is based on sufficient information to allow judgment of the 
power and validity of the data on which the safety determination is based. Review articles rarely 
provide sufficient detail to allow readers to evaluate the quality of the studies reviewed. We 
believe that Burdock and Flamm is critically different in that it does present the toxicity research 
in sufficient detail to allow readers to evaluate the research, and in that it is based on primary 
rather than secondary assessment of the research data. 

Burdock and Flamm (1999) present a number of safety studies: 
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Single dose and LD50 studies in mice, rats and dogs 
%Month gavage study in monkeys with the neutralized form of polydextrose (PDX-N) 
3-Month feeding study in dogs with the acidic form of polydextrose (PDX-A) at 50% of 
the diet 
6-Month feeding study in dogs with PDX-N, followed by PDX-A at 50% of the diet 
13-Month feeding study in beagle dogs with PDX-A 
24-Month toxicity study in beagle dogs with PDX-N at 10% and 20% of the diet 
24-Month toxicity study in beagle dogs with PDX-N at 50% of the diet 
18-Month carcinogenicity study in mice with PDX-A 
3-Month dietary study in rats with PDX-A 
24-Month carcinogenicity study in rats with PDX-A 
Segment I study in rats (fertility and general reproductive performance) 
Segment I1 study in rats (pregnancy and fetal development) 
Segment 111 study in rats (study of the action of PD on the perinatal and postnatal 
development of the rat) 
Three-generation study in rats 
Segment 11 study in rabbits (pregnancy and fetal development) 
Spot test using Salmonella typhimurium 
Quantitative plate assay using Salmonella typhimurium 
Host mediated assay with PDX 
Cytogenetic analyses (both in vivo and in vifro studies) 
Dominant lethal assay in mice 

Because the current forms of uolydextrose are direct descendents of PDX-A (in that they 
I .  

do not contain added potassium hydroxide or potassium carbonate as does PDX-N), the studies- 
that employed PDX-A were regarded as more important in establishing the GRAS status of the 
use of current forms of polydextrose in infant formula than the studies that used PDX-N. 
Nevertheless, the latter studies are also discussed. 

The most important studies are the repeat-dose toxicity studies. The first of these is the 3- 
month feeding study in beagle dogs with PDX-A. For this study, the information provided in the 
“Methods” section included: 

Number, strain and sex of dogs 
Source (Marshall Farms) 

Full description of the feed to which PDX was added 
Amount of feed provided at different stages as the dogs grew 
Vitamin and mineral supplementation 
Length and time of day of the feeding period 
Availability of water 
PDX doses 
Frequency of observation 
Frequency of weighing 
Frequency of measurement of water consumption 

Age 
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Frequency of clinical pathologies 
Times of day of blood draws for serum chemistries 
Tissues taken for examination at necropsy 

This information is at least as extensive as is typically found in stand-alone publication of 
similar toxicity studies. The results reported from this study also match the level of detail that 
would be expected in a stand-alone publication, including: 

Mortality 
Weight and weight gain 
Stool characteristics 
Water consumption 
Serum calcium concentrations 
Urinary sodium concentrations 
Statement of no differences in hematology; histopathology; or absolute or relative organ 
weights 

Another key study is the 13-month feeding study in beagle dogs with PDX-A. Again, 
extensive information (requiring more than 12 column- inches) was provided regarding the study 
design and methods: 

Number, strain and sex of dogs 
Source (Marshall Farms) 

Full description of the feed to which PDX was added 
Frequency of mixing of PDX into feed 
Length and time of day of the feeding period 
PDX doses in both concentration in the feed and approximate gkg  bw/day 
Frequency of observation 
Frequency of weighing 
Frequency of ophthalmoscopic examination and type of ophthalmoscope used 
Frequency of measurement of ECG, blood pressure, heart rate, respiratory rate, and rectal 
temperature 
Frequency of measurement of water consumption 
Frequency of clinical pathologies (serum chemistry, hematology, and urinalysis) 
Times of day of blood draws for serum chemistries 
Full list of parameters measured in clinical pathologies 
Full description of the animal sacrifice, necropsy, organs weighed and subjected to 
histopathology 
Preparation of tissues for histopathology and staining methods used 
Description of the statistical testing 

Age 

The results of this study were again reported at a level of detail consistent with original 
publication of toxicity studies, requiring more than 20 column- inches. (In the “Results” section 
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of Burdock and Flamm (1999), this study is mislabeled as having employed PD-N rather than 
PD-A.) Findings reported include: 

Mortality 
Water consumption 
Bodyweight gain 

Incidence of diarrhea 
Stool consistency at different times after feeding 

Report of no differences in ECG, systolic blood pressure, vital signs, ocular lesions, or 
hematology parameters 
Serum calcium leve Is throughout the study 
BUN levels throughout the study 
Urinary volume, pH, specific gravity, sodium levels, and potassium levels 
Urinary calcium levels throughout the study 
Histopathology findings, especially kidney lesions 

Another key long-term study is a 24-month toxicity study in beagle dogs of PDX-N at 
10% and 20% of the diet. Although this research employed PDX-N rather than PDX-A, it was 
regarded as particularly important because of its 2-year duration. The “Methods” section for this 
study is extensive and includes: 

Number, strain and sex of dogs 
Source (CERM-MOM, France) 
Age 

Frequency of ophthalmic evaluations 

Detailed description of the feed and the feeding procedures 
PDX doses as concentration in the feed and approximate g k g  bw/day 
Frequency of observation and weighing 

Frequency and descriptions of pulmonary and cardiac auscultation, abdominal palpation, 
inspection of teeth and skin 
Frequency and descriptions of hematology, clinical chemistry, and urinary, evaluations 
Description of liver analyses, necropsy, tissue sections 

The report of the results of this study occupy 2% pages and include tables of body 
weights by quarter by sex and group, incidence of elevated plasma calcium values by quarter by 
sex and group, and renal lesions related to plasma calcium levels. The results reported include: 

Mortality 
Changes in body weights 
Differences in feed consumption 
Differences in observed behavior 

Incidence of vomiting 

Differences in body fat deposition 
Incidence and severity of of diarrheal episodes 
Incidence of blood in the stools 
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Incidence of galactorrhea 
Ophthalmologic findings including lesions 
Hematology including differences in hemoglobin, red blood cells, and hematocrit 
Plasma calcium, sodium, urea, and serum triacylglycerol values 
Urinalysis including lowered osmolality 
Absolute and relative organ weights 
Histopathology findings, including extensive discussion of kidney lesions related to 
plasma calcium levels 

The other long-term studies, such as the carcinogenicity and developmental toxicity 
studies, were described and reported in similar or even greater detail. In all, Burdock and Flamm 
includes 37 tables of results of the long-term toxicity studies, certainly comparable to the 
information that is available in many stand-alone publications of toxicity studies. 

In summary, Burdock and Flamm (1999), despite its title, is not a review article. It does 
not meet the definition of a review article as one that summarizes previously prepared study 
reports. It is formatted as a research report rather thanas a review, with sections on “Methods” 
and “Results,” followed by “Discussion.” 

Most important for regarding Burdock and Flamm as original reporting rather than as a 
review is that it is based on primary analysis and interpretation of the raw data from the toxicity 
studies rather than being based on examination of reports of the data analysis. And most 
important for regarding Burdock and Flamm as suitable for providing a basis for determining 
general recognition of safet)iGRAS-is that it provides sufficient detail about the design and 
results of each toxicity study to allow members of the scientific community to judge the 
adequacy of the preclinical data (along with other published information regarding kinetics as 
well as human studies) to establish the safety of polydextrose under its intended conditions of 
use. 

In our opinion, FDA can agree that the data from Burdock and Flamm (1999) are 
appropriately used as part of the GRAS determination for the use of polydextrose in infant 
formula without compromising the recognized GRAS requirement that such data must be 
original information generally available to the scientific community. 

The types of preclinical safety studies reported by Burdock and Flamm (1999) include 
genotoxicity, acute toxicity, subchronic toxicity, chronic toxicity, carcinogenicity and 
reproductive/developmental toxicity studies. Because of the extensive amount of data generated, 
the findings from preclinical in vivo studies of orally administered polydextrose (acidic and 
neutral forms) are presented in Table 17. In vitro preclinical studies for polydextrose (acidic 
form) and detailed explanations of the methods and findings of the oral in vivo preclinical studies 
are described in pages 48 through 63. The experimental data obtained from all these preclinical 
safety studies are critically evaluated to identify any potential hazards from ingesting 
polydextrose. Because the polydextrose product, Litesse@ Two produced by Danisco is the acidic 
form, the final safety assessment is based on studies that administered the acidic form rather than 
the neutral form. Throughout the rest of this document, the use of terms indicating significant 
differences from control group (e.g., increase, decrease a d  reduced) were based on the statistical 
procedures used. 
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Table 17. Summary of Experimental Studies in Animals Fed Acidic PDX o r  Neutra l  PDX 

Species 
(gender) 'Iudy Type 

I 

(single dose) 

(single dose) 

(repeat. mulll- 
dose) 

(single dose) 

Subchmnic 
(repeat, muiii- 

(repeat, multi- 
dose) 

Subchmnic 
(repeat. multl- 
dose) 

MI 

MI 

Sprague 
Dawley 

Charles 
River CD 

Spragua 
Dawley 

Beagle 

__ __ 

Acidic 

Acidic 

Acidic 

Acidic 

Audic 

l3 I 
50 Acidic I 

4 control I- 

Results 

Savage 6 1. 18 3 7' Oral LRo 130 5 g/kg body weight. 
or 30.5 Soft stools at highest dose administered 

Savage 9 5,28 4 7' Oral LRo 747 3 glkg body weight 
or 47.3 Soft stools at highest dose administered 

Feed I 0. ;;or I 528 I Lnaffected Smival. CI nical symptoms ciin cal chem stry nemato.qy. 
ocular lesions. Dody weignt. organ weignls. posmoltem gross 
examination. tumor incidence 
Observed Chanaes Mean liver weight reduced 13% in males fed 7 5 glkg 
and unaffected at higher dose This observation is toxicologically 
insignificant 

Savage 4 7,12. 7c Oral LRo >I8 9 glkg body weight 
18 9 

Feed Or 92 

Soft stools at highest dose administered 

Unaffected Body weights. physical and clinical pathologies. ccular lesions 
10 histopathology 

Feed 0, 5 or 10 704 Unaffected Survival. food intake, growth, ocular lesions. clinical 
chemistries. hematology (adult rats), organ weights. autopsy and 
histological abnormalties. tumor incidence 
Observed Chanaes Son and dark feces Hemoglobin and RBC were 
increased (M & F weanling at 10 glkg). WBC decreased (F weanling at 10 
gkg) 

Feed 0.21 90 Unaffected Serum calcium. hematology, histopathological abnormalties 
Observed Chanaes Loose unformed to partially formed (occasionally 
watery) stools Unnary Sodium concentration was reduced on treatment 
days 43 and 71, and unaffected at other time points tested The observed 
urinary change is considered toxicologically insignificant 

0 
c; 
0 
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Species 
(gender) 

Dog (Mag 

?ats (M) 

Study Type 

Chronic 
(muii+dose) 

4cute 
:single dose) 

Subchronic 
:single dose) 

Strain 

- - 
Beagle 

- 
jprague- 
Dawley 

Beagle 
~ 

8 

4 

PDX Form 

Acidic 

Neutral 

Neutral 
(days 1- 

135) 
Acidic 

(days 136 
195) 

Route 

~ 
~ 

Feed 

- 
:avage 

~ 

Feed 

~ 
~ 

4 7. 12 or 
18 8 

0, 31 
(neutral), 

21 (acidic) 

___ __ 

Results 

Unaffected mottalily. body weight gain, serum chemistry (7 gikg). unnary 
chemistry (7 gikg), hematology, pathological abnormaldles 
Observed Changes The 7 gikg PDX treatment resulted in loose and 
unformed stools, while 14 gikg PDX resulted in watery stools The stool 
soflening effects occurred mthin hours after dosing and was a transient 
effect. Water consumption was increased in the 14 gikg group and 
unaffected in the lower dose group Serum and unnary chemistries were 
intermittently affected in only a few dogs treated mth 14 gkg PDX The 
serum and urinary changes are considered toxicologically insignificant 

Oral LRo 218 8 gikg body weight 
Soft stools at highest dose administered 

Unaffected Body weight gain, serum calcium, serum potassium, BUN 
Serum glucose, serum LDH, serum COz, urinary potassium, urinary 
phosphate 
Ooserved Cnanqes Transient diarrhea (sLbsdea w tn n 24 nrs) was 
observe0 in PDX (nedtral form) treateo dogs. whicn was aOSen1 n oogs 
lrealeo w.tn PDX (acm cform) Only loose and Aormed stools were 
observea in doas treatea wnn PDX lac dic form) Serum calcum ann 
potassium were transiently increased. and BUN reduced, in PDX (neutral 
form) treated dogs and not in dogs treated with PDX (acidic form) Urinary 
sodium fluctuated less in PDX (neutral form) treated dogs whereas it was 
unaffected by PDX (acidic form) compared to control Urinary caluum 
increased somewhat (data not quantified) by PDX (acidic form) and 
unaffected by PDX (neutral form) In two clinically hypercalcemic dogs 
lreated with PDX (neutral form), calcium nephropathy was observed that 
Nas attributed to the diarrhetic state induced by neutral PDX Calcium 
nephropathy was absent in the other two dogs 
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donkey 
W F )  

Species 
(gender) 

log (M&F: 
- 
~ 

Subchronc 
(muilkdose) 

log (M&F 

Study Type 

:hronic 
nulti-dose) 

Chronic 
(single dose) 

Strain 

__ - 
Beagle 

Beagle 

Rhesus 

- - 
:ource Burdockand Flamm (1999) 

4 I Neutral 

Route 

~ 
~ 

Feed 

Feed 

Zavage 

~ 
~ 

Resulk 

Unaffected body weights, food consumption. pulmonary and cardiac 
auscultation, palpation of abdomen and lymph nodes, teeth, skin. urogenit; 
area, osteotedinous reflexes and ECG recordings, platelet count and white 
blood cell. fibnnogen partial thromboplastin time, prothrombin time. plasma 
sodium and triglyceride. urinary glucose, ketone bodies. urobilin. proteins. 
blood, sediments. liver lipids, organ weights 
Observed Chanues Anemia occurred in two dogs treated with 4 gkg 
(anemia was absent in the other four dogs) Plasma calcium exceeded 115 
mEqfliter in one dog and only afler 6 months of treatment with 2 gfkg PDX 
Plasma calcium was increased in two to four male dogs afler 4 months of 
treatment and in female dogs afler 1 month of treatment Plasma urea war 
normal for the first 18 months of treatment. afler which it was increased in 
dogs treated with 8 gkg PDX Nephrocalcinosis effect was observed in a 
few PDX treated dogs but was not considered treatment related. no other 
pathological findings were found Severe diarrhea occurred dunng the first 
week of treatment at both dose levels, and then it was mld to moderate for 
the remainder of the study 

Unaffected serum chemistry hematological parameters, ocular lesions, 
estrous penod (F only), 
Observed Chanues Body weight gain was reduced and was associated 
with varying degrees of anorexia, however, this effect was reversed dunng 
the recovery penod Diarrhea also occurred in PDX treated dogs that also 
stopped within three days of stopping PDX treatment 

Unaffected clinical observations. ocular lesions, ECG parameters 
Observed Chanues Loose stools were consistently observed in the 10 gk! 
group, but not in monkeys treated with the lower two doses Serum calciurr 
was reduced on 2 days in 1 to 4 monkeys treated with 2 or 10 g/kg One 
monkey treated with 10 gkg PDX had hematuria and trace proteinuria All 
monkeys in the highest dose group had moderate dilatation of colon and 
hemosidenn accumulation in colonic mucosa due to loose stools 
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a. Genotoxicity 

(1) In Vrfro 
Pfizer, Inc. investigated the genotoxicity of polydextrose using Salmonella typhimurium 

(i.e., spot test and plate assay) and human lymphocytes (cytogenetic analysis) (Burdock and 
Flamm 1999). 

The mutagenic activity of polydextrose (acidic and neutral forms) was tested in S. 
typhimurium (strains TA1535, TA1536, TA1537, TA1538 and TA1978) using the spot test in 
which colonies are grown in a histidine-deficient environment and wherein revertant colonies 
appear as a ring surrounding the point of application of polydextrose (Ames 1971). Cells were 
incubated with polydextrose for 48 hours at 37OC and 18 hours at 25'C. The plate assay (Ames et 
al. 1973) was used to assess the induction of basesubstitution and frame-shift point mutations. 
Tester strains (TA1535, TA1536, TA1537 or TA1538) were incubated with polydextrose (acid 
or neutral forms at 10 or 20 mg/plate) for 60 hours at 37°C and the number ofrevertant colonies 
recorded. A threefold induction of revertants over control was considered a positive response. In 
the spot test, no mutagenic activity was observed in any of the strains tested. In the plate assay, 
polydextrose did not produce a positive mutagenic response at either 10 or 20 mg/plate. 
(Burdock and Flamm 1999) 

Clastogenic activity ( / .e . ,  chromosomal damage) of polydextrose (acidic and neutral 
forms) was evaluated using human lymphocytes. Polydextrose (500 or 1000 pg/ml) was 
incubated with lymphocytes for 24 hours, and then harvested, stained and the number of cells 
with structural aberrations was recorded. Polydextrose did not induce chromosomal aberrations 
in this m vifro assay (Burdock and Flamm 1999). 

A host-mediated assay was performed using S. typhimurium and CD- 1 mice. Mice (n=4 
per group) were implanted with S typhimurrum by intraperitoneal injection with a 2 ml solution 
of cells (lo7 cells/ml). At 0, 1 and 2 hours after implantation, polydextrose (acidic and neutral 
forms) was administered. Thirty minutes after the last dose, 1.5 ml solution of saline-citrate was 
injected intraperitoneally into each mouse. Mice were then killed by cervical dislocation and 
fluid was recovered aseptically from the peritoneal cavity. Cells in the collected fluid were then 
cultured and the mutation frequencies (/ .e. ,  the number of revertants) were recorded. 
Polydextrose failed to induce a significant increase in mutation frequency compared to control. 
Burdock and Flamm (1999) reported that elevated mutation frequency occurred in the first assay; 
however, this effect was not reproducible in subsequent assays. Burdock and Flamm considered 
the initial increase in mutation frequency to be a spurious event. 

(2) In Vivo 
The potential for any clastogenic activity on the part of polydextrose (acidic and neutral 

forms) was investigated in vivo using CD- 1 mouse bone marrow cells (Burdock and Flamm 
1999). Mice ( s 5  per group; 30-40 grams body weight) were administered polydextrose (2 g/kg 
bw) orally and killed at 6, 12,24,48 or 72 hours post-treatment. An additional group was 
included in which mice received polydextrose (neutral form) orally, daily for seven days, and 
were then killed 24 hours after the last treatment. Three hours prior to sacrifice, each animal was 
injected intraperitoneally with colchicine (1 mg/kg bw) to inhibit cell division. Bone marrow 
cells from the femur were collected, stained and examined microscopically for chromosomal 
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damage. Polydextrose did not induce chromosomal aberrations above internal or historical 
control values, indicating a lack of clastogenic activity. 

(3) Summary of Genotoxicity 
These in vitro genotoxicity data indicate that polydextrose (both acidic and neutral forms) 

is neither mutagenic nor clastogenic. Thus, polydextrose does not damage the genetic component 
of cells. Based on these results, it is unlikely that polydextrose is carcinogenic. Because it is 
difficult to extrapolate in vitro data to in vivo animals and humans, these results are only 
suggestive; a definitive confirmation of no carcinogenic activity by polydextrose can only be 
established with in vivo carcinogenicity studies. Nevertheless, these in vitro studies demonstrate 
that polydextrose is not directly genotoxic in cultured cells. 

These zn vivo genotoxicity data indicate that polydextrose does not adversely interact 
with DNA in the intact animal under the conditions tested. This finding is examined more 
rigorously in traditional toxicity tests. 

b. Acute Toxicity 
The acute oral toxicity of polydextrose (acidic form) was investigated in mice, rats and 

dogs. The strain, gender, dose, route and observation period are presented in Table 18. 
Polydextrose (acidic form) was investigated in mice, rats and dogs (oral route), while 
polydextrose neutral form was investigated in rats (oral) and dogs (intravenous injection. The 
median lethal dose (LD50) was calculated after administration of increasing doses of 
polydextrose and recording mortality over the 7-days post administration. During the observation 
period, signs of toxicity were also recorded. At study termination, mice and rats were necropsied 
for gross pathological changes while dogs were remanded to stock. 

Table 18. Acute Toxicity of PDX io Mice, Rats and Dogs 

MI- Rat Dog 

PDA PDA PDA P D N  PDA P D N  

dogs pergroup was not specified 
Source Burdock and Flamm (1999) 
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(1) Mice 
Two LD50 studies of polydextrose (acidic form) were performed in mice. In the first 

study, male mice ( S I 0  per group; bw between 23 and 28 grams) were fasted over night and then 
gavaged with increasing doses (Le., 6.1, 18.3 or 30.5 g k g  bw) of polydextrose (acidic form). No 
mortality occurred during the 7-day observation period after polydextrose administration, 
indicating that the oral LD50 exceeds 30.5 g k g  bw in mice. At the higher two doses (Le., 18.3 
and 30.5 g k g  bw) mice exhibited face rubbing immediately after polydextrose administration. 
Diarrhea occurred at all three doses but subsided after 24 hours. No other symptoms occurred. 
Body weight gain was unaffected and internal gross pathologies were absent at necropsy. 
(Burdock and Flamm 1999) 

In the second study, male mice (n=10 per group: hw between 18 and 22 grams) were 
fasted over night and then gavaged with increasing doses (Le., 9.46,28.38 or 47.3 g k g  bw) of 
polydextrose (acidic form). One mouse died 24 hours after administering 47.3 g k g  bw 
polydextrose (acidic form). All 29 remaining mice survived the 7-day observation period. 
Diarrhea occurred at all dose levels, but not in all mice at each dose level. At the lowest dose of 
9.46 gkg  bw, two mice had diarrhea, while six mice administered 28.38 g k g  bw had diarrhea. 
At the highest dose of 47.3 g k g  bw, all ten mice had diarrhea. Mice that were administered 
28.38 or 47.3 g k g  bw exhibited occasional blanching, depression and occasional retching. At the 
highest dose (Le., 47.2 g k g  bw), but not at the lower two doses, mice exhibited signs of toxicity, 
which were ataxia, decreased respiration, occasional tendency for prostration, occasional tremors 
and weakness. Symptoms of toxicity began within 15 seconds of administration and subsided 
within 24 hours. Weight gain was unaffected and internal gross pathologies were absent at 
necropsy. (Burdock and Fhmm 1999) 

These studies demonstrate that the oral LDso in mice exceeds 47.3 g k g  bw, the highest 
dose tested, polydextrose (acidic form). 

(2) Rats 
Two LD50 studies were performed in rats administered either polydextrose neutral or 

acidic forms. In the first study, male rats (n=8per group; 51-63 gram hw) were fasted over night 
and then gavaged with increasing doses ( i  e ,4.7, 12 or 18.8 g/kg bw) of polydextrose (neutral 
form). Mortality was absent in the three groups of rats administered polydextrose, indicating that 
the oral LDso exceeds 18.8 g k g  bw in rats. The only observable symptom was diarrhea that 
occurred at all dose levels. At the lowest dose of 4.7 g k g  bw, four rats exhibited diarrhea, while 
seven rats had diarrhea at the middle dose of 12 gkgbw. At the highest dose of 18.8 gkg  bw, all 
eight rats had diarrhea. All cases of diarrhea had resolved within 24 hours of polydextrose 
administration. Body weight gain was unaffected at all dose levels and internal gross pathologies 
were absent at necropsy (Burdock and Flamm 1999). 

In the second LDso study, male rats (n=8per group; 55-70 grams hw) were fasted over 
night and then gavaged with increasing doses (r.e , 4.7, 12.0 or 18.9 g k g  bw) polydextrose 
(acidic form). Morality was absent at all dose levels of polydextrose, which indicates that the 
oral LDso in rats exceeds 18.9 gkg  bw. The only observable symptom was diarrhea that occurred 
at all three doses levels. At the lowest dose of 4.7 g k g  bw, diarrhea occurred in four of the eight 
rats, while diarrhea occurred in all rats of the higher two dose groups (12.0 and 18.9 gikg hw). It 
was noted that diarrhea was more watery at the higher two doses than at the lowest dose. 
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Consistent with the previous LDso studies, the diarrhea lasted for 24 hours, and then subsided. 
Weight gain was unaffected and internal gross pathologies were absent in all three groups. 
(Burdock and Flamm 1999) 

The data indicate that the oral LD50 in rats for both forms of polydextrose (Le., acidic and 
neutral) exceeds 18.9 gikg bw. 

(3) Dogs 
Intravenous and oral LD50 studies were conducted in beagle dogs. In the intravenous 

study of polydextrose (neutral form), two female dogs (1 1 .O and 8.9 kg bw) were fasted 
overnight, and then, one dog was administered 1.2 gikg bw polydextrose (neWal form), while 
the other dog was administered 2 g k g  bw. Both dogs survived the 7-day post administration 
period. Signs of toxicity were absent. Diarrhea was also absent in both dogs (Burdock and 
Flamm 1999). 

In the oral study of polydextrose (acidic form), one male and one female dog (12.7 and 
10.5 kg bw, respectively) were fasted over night, and then intubated with 20 gikg bw 
polydextrose. Mortality did not occur in either of the two dogs during the post 7-day observation 
period. The investigators noted that severe signs of toxicity were also absent. In the female dog, 
emesis occurred one hour after dosing, as well as polydipsia after consuming water 1.5 hours 
after dosing. Soft stools were observed in the female dog 24 and 72 hours after polydextrose 
administration. In the male dog, diarrhea was observed, as well as polydipsia, 1.5 hours after 
dosing. The diarrhea subsided within 24 hours of polydextrose administration. Emesis also 
occurred during the evening after polydextrose administration in the male dog. Food 
consumption and body weight gain were normal in both dogs. (Burdock and Flamm 1999) 

Although the number of dogs in each group is low, these data indicate that the 
intravenous and oral LD50 exceed 2 gikg bw and 20 gikg bw, respectively, in beagle dogs. 

(4) Summary of Acute Toxicity 
The data indicate that under acute oral exposure conditions, exceedingly high doses of 

polydextrose are required to produce overt signs of toxicity and mortality in mice rats and dogs. 
Thus, polydextrose presents very low toxicity when administered orally. The only consistent 
observable effect in all three species at these very high doses was diarrhea, which lasted for less 
than 24 hours post-administration. The incidence and severity of diarrhea were dose-dependent. 
Because acute exposure conditions are not representative of the proposed exposure conditions in 
infant formula, these data can only be considered as corroborative of an overall low order of oral 
toxicity of polydextrose. 

c. Subchronic Toxicity 
Pfizer, Inc. conducted subchronic (i e , 30 to 90 days in duration) toxicity studies in 

which polydextrose (acidic form) was administered to rats and dogs, while polydextrose (neutral 
form) was administered to monkeys. One subchronic study was performed with dogs in which 
polydextrose (neutral form) was administered for 135 days followed by administration of 
polydextrose (acidic form) for a further 57 days. The studies of polydextrose (acidic form) are 
presented on page 53, while the study of polydextrose (neutral form) is presented on page 53. 
Because the polydextrose products produced by Danisco and proposed for use in infant formula 
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are polydextrose (acidic form), the safety evaluation is based on the results of studies of 
polydextrose (acidic form). 

( I )  Polydextrose (acidic form) 

(a) Rat 
The subchronic oral toxicity of polydextrose (acidic form) was investigated in male and 

female rats (Charles River CD). Rats were fed either a basal diet or a diet containing 
polydextrose ( I ,  2 or 10 gkg  bw) for 92 days (Burdock and Flamm 1999). Body weights and 
food consumption were recorded weekly and the amount of polydextrose administered was 
adjusted accordingly. Hematology [erythrocyte (RBC), leukocyte (WBC) and WBC differential 
counts, hemoglobin concentration, hematocrit and whole blood clotting time] and urinalysis 
examination were performed prior to treatment and on treatment days 29, 57 and 85. Clinical 
chemistry [fasting blood sugar, blood urea nitrogen (BUN), serum glutamic-pyruvic (SGPT) and 
serum glutamic-oxaloacetic transaminase (SGOT), serum alkaline phosphatase, total bilirubin, 
serum lactic dehydrogenase (LDH), serum creatinine phosphokinase (CPK), serum sodium 
ma+), serum calcium (Ca'), serum creatinine and uric acid levels] was examined in two rats per 
sex per dose on treatment days 36 and 64, as well as in six rats per sex per dose on treatment day 
92. Slit-lamp ophthalmoscopic examinations were performed on each animal on days 29, 57 and 
85. When the study was terminated, organ weights [heart, lung, liver, kidney, pancreas, spleen, 
adrenal, thyroid, brain, hypophysis, testis, epididymis, uterus and ovary], gross pathology and 
histopathology (lung, liver and kidney) were recorded (Burdock and Flamm 1999). 

Body weights were unaffected bypolydextrose treatment at any of the doses 
administered. Physical, clinical pathology, ophthalmology, organ weights, gross pathology and 
histopathology were also unaffected by polydextrose (acidic form) treatment over the 92 day 
treatment period. The effect of polydextrose on excreted fecal matter was not reported (Burdock 
and Flamm 1999). The no observed adverse effect level (NOAEL) in this study was 
10 g/kgbw/day, the highest dose tested. 

(b) Dog 
Beagle dogs (10 months old; 10 kg bw) were fed either a basal diet (n=4) or a diet 

supplemented with polydextrose (acidic form) ( ~ 6 )  at a level of 50% of the dry weight of the 
entire ration (100 g canned dog food, 150 g Purina Dog Chow@, 17.5 g anhydrous calcium 
phosphate dibasic and 1 ml Vi-Daylin vitamin drops) for 97 days (approximately 3 months) 
(Burdock and Flamm 1999). On treatment da 35, the amount of food consumed was increased 

was 210 g or 21 gikg bw). All dogs were observed twice daily. Body weights were recorded 
daily for the first 3 days, and then weekly thereafter. Water consumption was recorded on days 
1-3 and 6-9. Clinical pathology profiles for serum chemistry (sodium, potassium, calcium, 
glucose, blood urea nitrogerrBUN, uric acid, creatinine, total bilirubin, alkaline phosphatase 
ALP, lactic dehydrogenase-LDH, aspartate transaminase-SGOT, chloride, CO2, total protein, 
albumin, inorganic phosphate, pH and pC02) hematology (white blood cell-WBC, red blood 
cell-RBC, hemoglobin, hematocrit and mean corpuscular volume-MCV) and urinalysis (volume, 
pH, sodium, potassium, calcium and phosphate. were performed twice prior to treatment and 
then on treatment days I ,  2, 3, 15, 30,43, 57, 71, 85 and 97. Urine samples were collected by 
catheterization at 2 hour intervals between 5 am and 5 pm. Animals were subjected to necropsy 

to 120 g canned and 185 g Purina Dog Cho J (Le., the amount of polydextrose added to the diet 
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at study termination and tissues collected for macroscopic (liver, kidmy, testis) and microscopic 
(brain, cervical spinal cord, hypophysis, eye, thyroid, thymus, heart, lung, spleen, pancreas, 
kidney, adrenal, esophagus, stomach, duodenum, jejunum, ileum, colon, mesenteric node, testes, 
epididymides, prostate gland, urinary bladder, mandibular salivary gland, mammary gland with 
skin, gall bladder and any other grossly altered tissue) examination (Burdock and Flamm 1999). 

All dogs survived the 97-day treatment period. All dogs treated with polydextrose lost 
weight (0.6-2.2 kg), while 75% of the control group also lost weight (0.5- 1.8 kg). Polydextrose 
(acidic form) treatment resulted in loose unformed to partially formed and occasionally watery 
stools 3-6 hours after feeding for the duration of the study. Treated dogs drank 2-2.5 times more 
water than the controls. Except for stool consistency, all treated dogs appeared to be clinically 
unaffected by polydextrose feeding. Serum calcium concentration was unaffected by 
polydextrose treatment. On treatment days 43 and 71, mean urinary sodium concentration 
appeared to be reduced (62% and 54%, respectively), while it was normal at the other time points 
tested. In the control group, mean urinary calcium concentration declined over the 97-study 
period (i.e., 2.21h0.71 mg/l on day 0 and 0.6750.47 mg/l on day 97). In the polydextrose (acidic 
form) group, urinary calcium was initially 1.28*1.11 mg/l on day 0 and ranged between 1.5*1.22 
and 2.7251.14 mg/l throughout the treatment period. Because mean urinary calcium 
concentration was not appreciably affected compared to control (2.21 mg/l control versus 2.72 
mg/l polydextrose acidic form) and the high variability in this parameter, urinary calcium was 
considered to be unaffected by polydextrose (acidic form). Hematological parameters were 
within normal values. Histopathological parameters and absolute or relative weights of liver, 
kidney or testes were unaffected (Burdock and Flamm 1999). 

(2) Polydextrose (neutral form) 

(a) Monkey 
A threemonth subchronic toxicity study of polydextrose (neutral form) was conducted in 

male and female rhesus monkeys (Burdock and Flamm 1999). Monkeys (n=2 per group; based 
on result section may be n=4) were gavaged daily with polydextrose (0, 1 , 2  or 10 g k g  bw) for 
91 days. Body weights were recorded weekly and individual doses were adjusted accordingly. 
The 10 g/kg bwdose was administered as 5 g/kg bwtwice daily and delivered in a 50% solution. 
The 1 and 2 g k g  bwdoses were administered in a 70% solution. Hematology, serum chemistry 
and urinalysis were performed on each monkey twice prior to the start of treatment and on days 
29, 57 and 85. Ophthalmoscopic examinations and electrocardiographic tracings were made 
twice prior to treatment and on days 29, 57 and 85. All animals were killed and necropsied 24 to 
28 hours afier the last dose. Weights of the following organs were recorded: heart, lung, liver, 
kidney, pancreas, spleen, adrenal, thyroid, brain, hypophysis, testis, epididymis and prostate. 
Microscopic examination was performed on the brain, spinal cord, hypophysis, eye, sternum, 
aorta, liver, spleen, pancreas, kidney, adrena I, esophagus, stomach, duodenum, jejunum, ileum, 
colon, mesenteric node, reproductive tract, urinary bladder, femoral bone marrow, sciatic nerve, 
mandibular gland, mammary gland with skin, gall bladder and any other organ grossly altered. 

There were no fatalities in the control group or any of the test groups during the 91-day 
treatment study. One female and two males in the control group gained body weight (0.2 to 0.4 
kg), while the remaining female maintained body weight. All monkeys administered 
polydextrose (neutral form) also gained weight (0.3 to 0.9 kg). Unformed stools did not occur in 
the control group and rarely occurred in the 1 and 2 g/kg bwgroups. Monkeys gavaged with 10 
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g/kg bwexhibited diarrhea throughout the treatment period, which did not occur at the lower 
doses (is., 1 and 2 gikg bw/day). Clinical signs of treatment-related effects were absent. One 
four monkeys at the 10 gikg bwdose on day 57 and four on day 85 showed decreases (1 1% and 
16%, respectively) in serum calcium concentration. One of four animals at the 2 glkg bwdose 
had decreased calcium concentration on days 29 (34%) and 57 (43%). The investigators 
concluded that because physical signs suggestive of decreased serum calcium were not observed 
and no histopathologic lesions were evident, the decreased serum calcium was not considered 
biologically significant. 

One monkey treated with 10 gikg bw polydextrose (neutral form) showed hematuria and 
trace proteinuria on days 29 and 85. Hematuria and proteinuria were absent in the other three 
monkeys administered 10 gikg bw. Ophthalmoscopic, physical and electrocardiographic findings 
were not remarkable. Post mortem, all animals treated with 10 g/kg bw had moderate dilatation 
of the colon and focal areas of accumulation of macrophages cortaining hemosiderin in the 
colonic mucosa. The accumulation of hemosiderin was considered by the investigators to be a 
reflection of prolonged hyperemia of the colonic mucosa in response to the protracted diarrhea. 
The investigators reported no other treatment-related findings. 

(b) Dog 
Male beagle dogs (n=4 per group) were fed either a basal diet or a basal diet 

supplemented with polydextrose (neutral form) for 6 months. The dose of polydextrose 
administered was 50% of the dry weight of the entire ration. Beginning on treatment day I,  dogs 
were fed 26 gkg bw polydextrose (neutral form). On treatment day 35, dietary supplements were 
included in the diet that contained calcium (5.3 g). Because the amount of food administered was 
increased on treatment day 80, the dose of polydextrose (neutral form) was increased to 31 g/kg 
bw. Then, on experimental day 136,21 gikg bw polydextrose (acidic form) was substituted for 
polydextrose (neutral form) and continued for the duration of the study (Le., days 136- 192). 
Dogs were observed twice daily, except for weekends and holidays. Body weights were recorded 
daily until treatment day 126, after which they were recorded weekly. Water consumption was 
determined on treatment days 9, 13-17 and 174-177. Clinical pathology (Le., serum chemistry, 
hematology and urinalysis) samples were obtained at 7:00 am, 11:OO am and 3:00 pm for a total 
of 33 days. After termination of the treatment period, necropsies were performed and 
macroscopic and microscopic examinations were performed Purdock and Flamm 1999). 

All dogs survived the six-month treatment period with polydextrose (neutral and acidic 
forms). All dogs in the control group and one dog in the polydextrose-treated group lost between 
0.5 and 1.9 kg body weight during the study period, while the remaining dogs treated with 
polydextrose (neutral and acidic forms) gained 0.2 to 1 .0 kg body weight. Stools of dogs in the 
control group appeared normal, whereas dogs treated with polydextrose (neutral form) resulted 
in watery diarrhea. The diarrhea occurred two to three hours after feeding, and then stools 
returned to normal by the following morning. Substitution with polydextrose (acidic form) 
resulted in stools that were less watery and thicker, although still with an unformed consistency. 
Polydextrosetreated dogs drank two to three times more water than the control group (Burdock 
and Flamm 1999). 

Hematological parameters were unaffected by polydextrose treatment. Burdock and 
Flamm reported that clinical chemistry exhibited periodicity in response to treatment and 
reaction to the two forms of polydextrose administered. In the control group, serum calcium 
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concentration showed nonnal fluctuations and never exceeded 12 mg/dl. In the polydextrose 
(neutral form) treated group, serum calcium transiently increased (0.5- 1.7 mg/liter) post- 
prandially, peaking after two hours and returning to baseline after 24 hours. In one dog that was 
fed polydextrose (neutral form), serum calcium concentration exceeded 12 mg/dl on treatment 
day 71, but not at the other time points. Serum protein concentration peaked immediately post- 
prandially. Serum protein concentration in the control group showed small variations with no 
discemable pattern. After the diet was changed from polydextrose (neutral form) to polydext rose 
(acidic form), the post-prandial peaks reduced and daily fluctuations became similar to the 
control group. A similar pattern in polydextrose (neutral form) treated dogs was observed for 
serum potassium concentration. Serum potassium transiently increased post-prandially, 
exceeding 6 mg/dl (peak value). Switching the diet to polydextrose (acidic form) resulted in 
serum potassium fluctuations that resembled the control group. Serum sodium concentration was 
not consistently affected by polydextrose treatmnts; thus, no discernible treatment related effect 
on serum sodium was apparent in dog. Blood urea nitrogen (BUN) was reduced in polydextrose 
(neutral form) treated dogs at the 11 :00 am and 3:OO pm sampling times (never at the earlier 7:OO 
am sampling time). BUN was unaffected in dogs treated with polydextrose (acidic form). Serum 
glucose, LDH and C02 were not consistently affected by polydextrose treatment. 

Burdock and Flamm concluded that the observed changes in serum and urinary calcium, 
sodium and/or potassium in dogs treated with polydextrose (neutral form) are unlikely to be 
direct treatment-related results, but rather, are more likely to be indirect results secondary to the 
diarrhetic effect observed at this high dose in dogs (Burdock and Flamm 1999). 

In the control group, urinary sodium concentration exhibited daily transient increases 
between 9:00 am and 1:OO pm (up to 13.3 meq/four-hour urine sample). Dogs fed polydextrose 
(neutral form) resulted in smaller peaks that never exceeded 6 meq; whereas fluctuation in 
urinary sodium concentration of polydextrose (acidic form) treated dogs resembled the pattern of 
the control group. Urinary calcium concentration was unaffected by polydextrose (neutral form) 
treatment; while treatment with polydextrose (acidic form) inconsistently increased urinary 
calcium. In the control group, urinary calcium ranged between 1 and 2 meqiworkup, while it was 
between 1 and 3 meq/workup in the polydextrose (acidic form). The day-to-day variation in 
urinary calcium concentration of polydextrose (acidic form) was so great that the significance of 
the increase is unclear. Urinary potassium and phosphate concentrations varied widely without 
any discernible pattern. Hematological parameters were unaffected by polydextrose (neutral or 
acidic forms) treatment. The only histopathological lesion observed was calcium nephropathy in 
two polydextrose-treated dogs that was attributed to the administration of polydextrose (neutral 
form), but not in the other two polydextrose-treated dogs. Gross pathological and 
histopathological effects were absent in the other organs and tissues examined of polydextrose 
treated dogs (Burdock and Flamm 1999). 

(3) Summary of Subchronic Toxicity 
Treatment of rats with polydextrose (acidic form), up to 10 gkg bw for 3 months did not 

elicit an adverse response. In dogs, oral administration of 21 g k g  bw/dayof polydextrose (acidic 
form) for 97 days had no appreciable or consistent effect on any parameter measured. The only 
observable effect was loose unformed to partially formed and occasionally watery stools in dogs 
administered 21 g k g  bddaypolydextrose (acidic form); however, the loose stools did not 
appear to result in any nutritional deficit or untoward effect and it is important to note that this 
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laxation effect cannot be regarded as diarrhea These data indicate that polydextrose (acidic 
form) did not elicit any toxicological effect in rats or dogs at the doses tested. 

Polydextrose (neutral form) administered to monkeys at 10 g/kg bw did not produce a 
consistent, biologically significant effect in any parameter measured, except diarrhea. 
Administration of polydextrose (neutral form) to dogs at 31 g/kg bw/day also elicited no 
consistent, biologically significant effect other than diarrhea. The diarrhea prodlced in dogs fed 
polydextrose (neutral form) was more severe than in dogs fed polydextrose (acidic forms). 
Again, it is appropriate to note that LitesseB Two is a poydextrose (acid form) product, and thus 
the relevance of the findings regarding polydextrose (neutral form) that differ from those found 
for acidic form is questionable. 

d. Chronic Toxicity 
Chronic toxicity studies described in the following sections, one using polydextrose 

(acidic form) and two with polydextrose (neutral form), were performed byPfizer, Inc. and 
reported by Burdock and Flamm (1999). Both studies were performed with beagle dogs. Chronic 
studies are particularly important in identifying potential adverse effects on neurological and 
reproductive organs. 

(1) Polydextrose (acidic form) 
A 13-month feeding study was performed in beagle dogs (9-months old) with 

polydextrose (acidic form). Male and female dogs (n=5 per group) were fed either a basal diet or 
a basal diet supplemented with polydextrose (16.7% or 33% of the diet; 7 or 14 g/kgbw/day). 
Dogs were observed twice daily and body weights were recorded weekly. Ophthalmoscopic 
examinations were performed prior to starting the treatment, after 6 months and 12 months of 
treatment and finally at study termination. Electrocardiogram (ECG), blood pressure and vital 
signs (heart rate, respiratory rate and rectal temperature) were recorded prior to starting the 
treatment and on treatment days 93, 176, 267,358 and 410. Water consumption was recorded 
prior to starting the treatment, daily during the first week and at 3-month intervals. Clinical 
pathology profiles and serum chemistry analysis were performed prior to starting the study and 
on treatment days 2 (urinalysis only), 15, 29, 58,85, 113, 141, 169 204,232, 260,288,330, 351, 
379 and 407. Serum chemistry parameters measured were sodium, potassium, calcium, glucose, 
blood urea nitrogen, uric acid, creatinine, total bilirubin, alkaline phosphatase, lactic 
dehydrogenase, aspartate and alanine transaminases (SGOT and SPGT), total protein, albumin, 
globulin and albumin/glohulin ratio. Hematology parameters included white blood cell (WBC), 
red blood cell (RBC), hemoglobin concentration, hematocrit, mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration 
(MCHC). White blood cell differential counts were performed on treatment days 15, 29, 85, 169 
204,232,260,288, 330, 351, 379 and 407. Urinalyses included volume, pH, specific gravity, 
sodium, potassium and calcium. After 416 days of feeding, the study was terminated and the 
weights of kidney, liver and testicles were recorded after necropsy. Microscopic pathological 
examinations were performed on tissue samples from kidney, liver, heart (left auricle and 
ventricle), aorta, lung (right and left lobes), spleen, thyroid, adrenal, pituitary, gall bladder, 
thymus, mesenteric lymph node, pancreas, mandibular salivary gland, urinary bladder, mammary 
gland with skin, esophagus, stomach, small and large intestine, testis, epididymis, prostate gland, 
ovary, uterus, brain, spinal cord, eye, stemum and bone (femur) with bone marrow. 
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No fatalities occurred in either test group or control group. Body weight gain was 
unaffected by polydextrose treatment. Stools in the control group were of normal formed 
consistency and rarely observed to be soft. In the lower dose group (7 g/kg bw/day), stools were 
loose and unformed 3-6 hours after feeding. Occasionally, stools were watery. In the high dose 
group (14 g k g  bw/day), stools were soft, unformed and occasionally watery within three hours 
of feeding; stools were always more watery at six hours after feeding. Twentyfour hours after 
feeding, stools were no longer watery, but remained unformed. Blood-tinted stools were 
observed in several polydextrose-treated dogs at both dose levels; however, this occurrence was 
described as infrequent and indicative of irritation to the gastrointestinal tract. Dogs fed 
14 gikg bw/daypolydextrose drank 1.5 times more water compared to the control group. Water 
consumption of dogs fed 7 g k g  bw/day was normal. 

ECG tracings, indirect systolic blood pressure recordings and vital signs were normal. 
Ocular lesions were absent in polydextrose-treated dogs. Serum calcium concentrations of 
control and low dose (7 g k g  bw/day) groups were mrmal and never exceeded 12 mg/dl. One 
female and four male dogs fed 14 g/kg bw/daypolydextrose experienced occasional (5 days or 
less) high (>12 mg/dl) serum calcium concentrations; however, these high values never occurred 
on consecutive days and did not exceed 14 mg/dl. Serum calcium concentrations in the 
remaining dogs in the high dose group was normal. 

Hematology parameters were unaffected by polydextrose (acidic form) treatment. 
Although one dog in the high-dose group (14 gikg bw/day) had a BUN value of 50 mg/dl on two 
occasions (treatment days 379 and 407), BUN was regarded as unaffected by polydextrose 
(acidic form) treatment. Urinary volume, pH, sodium concentration and potassium concentration 
were also unaffected by polydextrose treatment. With the exception of two male dogs in the 
high-dose group, urine with specific gravity less than 1.02 was rarely excreted. The mean urinary 
calcium concentration in polydextrose-treated female dogs at both dose levels was consistently 
greater than in the control group; however, the extent of the increase was not reported. Burdock 
and Flamm (1999) also reported that increased urinary calcium excretion coincided with 
increased plasma calcium concentration in one female dog. Beginning on treatment day 288 and 
throughout the rest of the treatment period, urinary calcium concentration gradually increased in 
one male dog treated with 14 g k g  bw/daypolydextrose, but the extent of the increase was not 
reported. In a second dog treated with the highest dose, urinary calcium concentration increased 
from treatment day 2 until the end of the study, while urinary calcium concentration was 
unaffected in the other dogs in this same group. In male dogs fed 7 g/kg bw/daypolydextrose 
(acidic form), there was no difference in urinary calcium concentration levels compared to 
control. 

The two highdose (14 gikg bw/day) male dogs that had elevated serum calcium levels 
and low urinary specific gravity also exhibited macroscopic focal areas of pale discoloration of 
the kidney cortex with occasional linear white streaks running through the cortex and medulla. 
Microscopically, this lesion consisted of segmental areas of tubular epithelium; in some regions, 
the epithelium was absent. There was extensive interstitial fibrosis with focal areas of 
lymphocytic infiltration. Calcium nephropathy was diagnosed in both dogs. One female dog 
administered 7 g/kg bwiday polydextrose had a small focal area of chronic interstitial nephritis 
that was considered to be unrelated to polydextrose treatment. Kdneys from all other males and 
females appeared normal by macroscopic and microscopic examination. 
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Thyroid follicular cell hyperplasia was observed in all groups (control, low and high 
dose) and was considered unrelated to polydextrose treatment. Chronic lymphocytic prostatitis 
was also observed in several males from all groups and was determined to be a result of repeated 
catheterization. One male fed 14 g k g  bwiday and four males fed 7 g k g  bw/day had multiple 
epithelial cysts in the epididymal tubules, which Burdock and Flamm (1999) also attributed to 
multiple catheterization procedures. 

In summary, feeding 14 g k g  bwiday polydextrose (acidic form) for 13 months produced 
daily episodes of unformed and/or watery stools in all five dogs. In two of the five dogs in the 
high-dose group, hypercalcemia and calcium nephropathy developed. The investigators reported 
that increased intestinal absorption of calcium probably contributed to the observed 
hypercalcemia. The investigators reported that the diarrhea produced fluctuating intravascular 
fluid volume by wasting water and electrolytes particularly sodium. The resulting imbalance in 
extracellular fluid volume stimulated renal tubular reabsorption of sodium, as well as calcium 
and eventually produced calcium nephropathy in tWO of the five dogs administered the high dose 
of 14 g k g  bw/daypolydextrose (acidic form). 

In dogs fed the lower dose of 7 g k g  bw/daypolydextrose (acidic form), stools were only 
occasionally watery, while serum calcium and urinary sodium concentrations were comparable 
to the control group. Calcium nephropathy was absent in all dogs fed 7 g/kg bw/day for 13 
months. 

(2) Polydextrose (neutral form) 
A two-year toxicity study was performed in beagle dogs (1 1- 14 months of age) 

administered polydextrose (neutral form) (Burdock and Flamm 1999). Male and female dogs 
(n=6 per group) were fed either a basal diet or a basal diet supplemented with polydextrose (10% 
or 20% of the diet; 4 or 8 g k g  bw/day) for 24 months. Clinical symptoms were recorded daily 
and body weights recorded weekly. Ophthalmic examinations were performed after 0, 6, 12, I8 
and 24 months of treatment. ECG readings were taken at the study's termination. Hematology 
parameters (hemoglobin, RBC, hematocrit, platelet count, WBC, differential count, plasma 
fibrinogen, partial thromboplastin time and prothrombin time) were measured prior to starting 
the treatment and then at 1, 3, 4,6, 18 and 24 months of treatment. Bone marrow smears (femur) 
were obtained after 24 months of treatment. Clinical chemistries (sodium, potassium, chloride, 
calcium, cholesterol, triglycerides, glucose, urea, SCOT, SGPT, alkaline phosphatase, protein, 
bilirubin, ?-glutamyltransferase (?GT), total protein and albumin at the time of study 
termination) were measured at 0 ,3 ,4 ,6 ,  12, 18 and 24 months of treatment. Urinalyses included 
osmolality, glucose, ketone bodies, urobilin, proteins, blood and microscopy of sediment that 
were measured after 24 months of treatment. Triglycerides, cholesterol and liver phospholipids 
were also measured after 24 months of treatment. Plasma sodium, potassium, chloride, proteins 
and calcium were analyzed after 1 month of treatment. Post-mortem gross pathological 
examinations included body weight, organ weights of the heart, spleen, liver, kidney, testis and 
adrenals. Microscopic pathological examinations were performed on tissue samples of the brain, 
spinal cord, peripheral nerve and surrounding muscle, eye, heart, artery, vein, cervical lymph 
node, mesenteric lymph node, thymus, spleen, bone, bone marrow, cartilage, skin, salivary 
gland, tongue, esophagus, stomach, duodenum, ileum, colon, pancreas, liver, gall bladder, 
pituitary, thyroid, parathyroid, adrenal, larynx, trachea, principal bronchi, lung, kidney, urethra, 
urinary bladder, urethra, ovary, fallopian tube, uterus, vagina, mammary gland, testis, 
epididymis, prostate, and any grossly observed tumor or lesion found in tissues not listed above. 
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There were no fatalities in either test group or in the control group. Mean body weights, 
food consumption, and behavior were unaffected by polydextrose (neutral form) treatment. All 
dogs fed polydextrose at either dose level had diarrhea. The severity of diarrhea reported was 
marginally higher in dogs fed 8 gikg bw/daypolydextrose than in those fed 4 gikg bw/day. The 
incidence of severe diarrhea was greatest during the first 2 weeks of treatment. For the remainder 
of the study, only mild to moderate diarrhea occurred at both dose levels. Diarrhea was absent in 
the control group. In two male dogs fed 8 g/kg bw/daypolydextrose, fecal blood was "marked" 
that Burdock and Fkmm (1999) attributed to irritation resulting from the diarrhea. The 
appearance of fecal blood for the remaining polydextrose-treated dogs (3 dogs fed 8 g k g  b w  
/day and all dogs fed 4 g/kg bw /day) was comparable to the control group. Vomiting was 
unproblematic in control and polydextrose-treated groups. 

At 0, 12 and 24 months of treatment, pulmonary and cardiac auscultation; palpation of 
abdomen and lymph nodes; inspection of teeth, skin and urogenital area; testing of osteotedinous 
reflexes; and ECG recordings were unaffected by polydextrose treatment. Galactorrhea was 
observed in two female dogs treated with 5 g k g  bw/daypolydextrose, but was reported to be 
unrelated to the polydextrose treatment as galactorrhea occurs regularly in female dogs, 
especially following the estrous period, and is occasionally associated with "pseudo-pregnancy.'' 
Ophthalmologic examinations revealed post-embryonic, traumatic and spontaneous age-related 
lesions. Lesions of the eye were reported to be unrelated to treatment. Platelet counts, WBC, 
fibrinogen partial thromboplastin time and prothrombin time were unaffected by polydextrose 
treatment. 

In male dogs treated with 8 g/kg bw/daypolydextrose, a progressive fall in blood 
hemoglobin, RBC and hematocrit was observed in 75% of the animals by the 24th month of 
treatment. In females at this same dose, 25% showed progressive anemia. Anemia did not 
develop in the other treatment groups. The investigators attributed the anemic state to the 
diarrhea produced by polydextrose (neutral form). Because intestinal bleeding was insufficient to 
explain the anemic state, the investigators proposed that the underlying cause of the anemia was 
malabsorption. 

The frequency of plasma calcium values that exceeded 11 5 mEq/liter was increased in 
polydextrose-treated groups only. After 24 months of treatment with 4 g k g  bw/day 
polydextrose, elevated plasma calcium was observed in one male. At this same dose, elevated 
plasma calcium concentrations were observed in one or two female dogs beginning at 6 months 
and persisted to the end of treatment. At the higher dose of 8 gikg bw/daypolydextrose (neutral 
form), plasma calcium concentrations were elevated in two to four male dogs per time point at 
all the time points measured beginning at 4 months of treatment. In female dogs treated with the 
high dose of polydextrose, the frequency of elevated plasma calcium concentration was 1 ,2  and 
4 dogs at the 12-, 18- and 24-month time points, respectively. The frequency of elevated plasma 
calcium concentration was significant in m l e  dogs treated with 8 g k g  bw/daythroughout the 
study period, and in male and female dogs treated with 4 g k g  bw/daypolydextrose at the 24- 
month time-period only. The investigators reported that the increased plasma calcium 
concentration was due to increased intestinal calcium absorption. Plasma sodium and triglyceride 
concentrations were unaffected by polydextrose treatment. 

Plasma urea concentration was unaffected until month 18 of treatment. In dogs treated 
with 8 gikg bw/daypolydextrose, urea was increased in both males (45-233 mgilOO ml) and 
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females (43- 109 mg/ml) at the 24-month treatment period. After 24 months of treatment with 
polydextrose, urinary glucose, ketone bodies, urobilin, proteins, blood and sediments were 
unaffected in male and female dogs. Reduced osmolality was observed in male dogs treated with 
4 g k g  bw/day polydextrose and female dogs treated with 4 or 8 g/kg bw/daypolydextrose; 
however, it is not clear whether this effect was treatment related. Liver lipids (triglycerides, 
cholesterol and lipid phosphorus) were also unaffected. 

Post-mortem analysis revealed organ weights to be unaffected by polydextrose treatment. 
Nephrocalcinosis was observed in male and female dogs treated with 4 or 8 g k g  bwiday 
polydextrose and appeared to be dose-related. The investigators postulated that the observed 
nephrocalcinosis was secondary to the diarrhea produced. Other pathological findings (renal 
chronic inflammation, papillary calcification and parasitic lesions of the lung) were determined 
to be unrelated to treatment. 

A second two-year toxicity study was performed in beagle dogs treated with polydextrose 
(neutral form) for 24 months (Burdock and Flamm 1999). Male and female dogs (n=6 per group; 
14- 15 months old) were fed either a basal diet (250 g) or the basal diet supplemented with 
polydextrose (neutral form) (50% of the diet; 21.5 g/kg bwiday) for 18 months; then all dogs 
were fed the basal diet for an additional 6 months (recovery period). Clinical symptoms and body 
weights were recorded daily and weekly, respectively. An electrocardiogram was recorded prior 
to treatment and then after 12, 18 and 24 months of treatment. Ophthalmic examinations were 
performed after 0, 6, 12, 18 and 24 months of treatment. Hematological parameters (hemoglobin, 
RBC, platelet count, WBC, packed cell volume, differential count, plasma fibrinogen, 
thromboplastin time and prothrombin time) and clinical chemistries (sodium, potassium, 
chloride, calcium, cholesterol, triglycerides, glucose, urea, SGOT, SGPT, alkaline phosphatase 
and total proteins) were measured after 3, 6, 9, 12, 15, 18, 21 and 24 months; blood acid balance 
was also measured on treatment day 216. Bone (femur) marrow smears were also obtained after 
24 months of treatment. Post-mortem examinations included body weight and organ weights of 
the heart, liver, kidney, testes and adrenal glands. 

After 50 weeks of treatment, dogs treated with polydextrose did not gain body weight, 
and their body weights were 3-4 kg lower than the control group. Dogs in the polydextrose- 
treated group gained weight during the 6-month recovery period, although their body weights 
were less than the control group at time of autopsy. All polydextrose-treated dogs, except for two 
females, showed variable degrees of anorexia and reduced appetite during treatment, which was 
absent during the recovery period. Watery diarrhea occurred each morning after polydextrose 
administration and stopped within 3 days of cessation of treatment. Fecal blood was rare 
indicating that irritation of the GI tract did not occur. Vomiting rarely occurred in any of the dogs 
included in the study. Estrus periods in female dogs were unaffected by polydextrose treatment. 
Ophthalmic examinations showed no treatment-related eye lesions. Plasma sodium, potassium, 
chloride, glucose, protein, SGOT, SGPT and triglyceride concentrations, as well as alkaline 
phosphatase, were unaffected by polydextrose treatment. Blood pH, pC02 and HCO3- measured 
on treatment day 216 were also unaffected. Although plasma calcium concentrations were 
reportedly increased in polydextrose (neutral form)-treated dogs during this period, the 
variability in the data was so large that meaningful interpretation of the data is impossible. Urea 
concentration was increased in some animals, mainly in the polydextrose (neutral form)-treated 
groups. Burdock and Flamm (1999) reported that hematological parameters were 
“unremarkable”. Polydextrose had no effect on organ weights, except for kidney weights, which 
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were reduced. The reductions in kidney weights w r e  attributed to electrolyte imbalance 
resulting from chronic severe diarrhea produced by polydextrose (neutral form). 

(3) Summary of Chronic Toxicity 
In dogs fed the high dose of 14 g/kg bw/day polydextrose (acidic form) for 13 months, 

unformed andor watery stools occurred daily, which in two dogs disrupted sodium homeostasis, 
leading to increased renal reabsorption of sodium and calcium. Chronic ingestion increased 
excretion and reabsorption of calcium by the kidneys, which produced a hypercalcemic state that 
eventually resulted in calcium nephropathy in two dogs. Calcium nephropathy did not develop in 
the remaining 8 dogs (five female and 3 male) in the high-dose group. In dogs fed the lower dose 
of 7 g k g  bwidaypolydextrose (acidic form), stools were only occasionally watery and there 
were no effect on serum calcium or urinary sodium concentrations, and calcium nephropathy did 
not develop. 

Polydextrose (neutral form) produced a diarrhetic effect in both chronic studies, even at 
the lower dose of 4 gikg bw/day. The chronic diarrhea condition, as well as increased intestinal 
calcium absorption, resulted in electrolyte imbalances, which over time, produced calcium 
nephropathy. A review of these data by Newbeme et al. (1988) also concluded that the observed 
changes in serum chemistry were indirect effects of polydextrose secondary to diarrhea. 

It is clear from the data that when compared to acidic form polydextrose, the neutral form 
of polydextrose elicited diarrhea in dogs. Unlike polydextrose (neutral form), the mild diarrhea 
induced by polydextrose (acidic form) failed to result in calcium nephropathy. Severe diarrhea 
produced by polydextrose (neutral form) is associated with an electrolyte imbalance that 
ultimately results in renal damage, which is absent in dogs fed polydextrose (acidic form). 

The data indicate that chronic ingestion of 7 g k g  bwidayof polydextrose (acidic form) 
does not produce diarrhea, but rather only occasionally watery stools. Because the polydextrose 
product produced by Danisco (LitesseB Two) and proposed for use in infant formula is the 
acidic form of polydextrose, the safety evaluation with regard to diarrhea is appropriately based 
on the results of studies of polydextrose (acidic form). 

e. Carcinogenicity 

(1) Mouse 
The carcinogenic effect of polydextrose (acidic form) was investigated in male and 

female CD-1 mice (Burdock and Flamm 1999). From the time of weaning, mice (n=50 per sex 
per group) were fed either a basal diet or the basal diet mixed with polydextrose (5% or 10%; 7.5 
g k g  bwor 15 g k g  bw) for 562 days (1 8 months). Positive controls received the basal diet only. 
Body weights were recorded weekly. Food consumption was determined on selected animals 1 
day per week for the first 4 weeks, and then it was determined for one dose level per week during 
each month on a rotating basis. From treatment day 366 and thereafter, food consumption was 
determined once every 8 weeks. Clinical observations were recorded weekly at time of weighing. 
Eye examinations were conducted on d a y  0, 365 and 548. Clinical chemistry (glucose, urea, 
SGOT, alkaline phosphatase and calcium) and hematology (white blood cell and differential 
counts) parameters were measured on all moribund animals and surviving animals at the end of 
the treatment period. Post-mortem body and organ (liver, kidney and testes) weights were 
recorded from surviving animals. Histological examination was performed on customary tissues 
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(specific tissues were not reported) in addition to grossly observed tumors and any lesions found 
at necropsy. 

Polydextrose had no effect on survival or food consumption in treated mice. Clinical 
symptoms and ocular lesions were absent in polydextrosstreated mice. Body weights were 
unchanged, as well as organ weights except for liver weight, which was reduced by 13% in 
males fed 5% polydextrose. Liver weights were equivalent to control in female mice fed 5% 
polydextrose. Post-mortem gross examination did not reveal any treatment-related abnormalities. 
Hematological and clinical chemistry parameters were normal in polydextrose-treated mice. 
Incidence of either benign or malignant tumors was normal in mice treated with polydextrose. 

(2) Rat 
The carcinogenic effect of polydextrose (acidic form) was also investigated in male and 

female Sprague-Dawley rats obtained from the F I  generation of the multkgeneration toxicity 
study (see page 71). Beginning at birth, rats ( ~ 5 0  per sex per group) were fed either a basal diet 
or the basal diet mixed with polydextrose (5% or 10%; 5 gikg bwor 10 g k g  bw) for 775 days 
(24 months). Positive controls received the basal diet only. Body weights were recorded weekly. 
Food consumption was recorded weekly for the first 3 months; and then monthly until the study 
was terminated. At the time of weighing, rats were observed for clinical symptoms. Eye 
examinations were performed on treatment days 21,365,548 and 730. Hematology 
(hemoglobin, white blood cell, red blood cell, differential count and bone marrow smears) and 
clinical chemistry (glucose, urea, proteins, SCOT, SGPT, alkaline phosphatase, cholesterol, 
sodium, potassium, triglycerides and calcium) parameters were measured after 40 days (20 rats 
per sex), 391 days (10 rats per sex), 560 days (10 rats per sex) and 775 days (all survivors). Post- 
mortem body and organ (liver, kidney and testis) weights were recorded after the study was 
terminated on day 775. Histological examinations were performed on the brain, heart, mesenteric 
lymph node, spleen, stomach, duodenum, ileum, colon, pancreas, liver, pituitary, thyroid, 
adrenal, lung, kidney, urinary bladder, ovary, testis, epididymis, mammary gland, femoral bone 
marrow, uterus, prostate, salivary gland, sternum and any grossly observable tumor with regional 
lymph nodes and any lesion found in tissues not listed above. 

General health, survival, food intake and growth were unaffected by polydextrose (acidic 
form) treatment. Excreted fecal matter appeared soft and dark in rats fed polydextrose. Ocular 
lesions and mean clinical chemistries were also unaffected by polydextrose. Burdock and Flamm 
(1 999) reported that hemoglobin and RBC were increased in male and female weanling rats fed 
10% polydextrose and the WBC decreased in female rats of the same treatment group and age. 
Hematological parameters were unaffected by polydextrose treatment at the other time points 
measured. Organ weights were unaffected by polydextrose treatment. Autopsy and histological 
examinations did not reveal any treatment-related abnormalities. Tumor incidence in the 
polydextrose-treated groups did not differ from control. 

(3) Summary of Carcinogenic Effects 
In mice, the 13% reduction in liver weight observed in male rats only was small, and was 

in the low dose group (5% polydextrose); thus it is not considered an effect of treatmert. In rats 
treated with 10% polydextrose, the observed changes in RBC (increased in male and females) 
and WBC (decreased in females) appeared to be benign. Polydextrose did not elicit any 
observable adverse effects in these studies. Polydextrose did not increase the incidence of tumors 
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above control in either mice (7.5 or 15 g/kg hw/day polydextrose) or rats (5 or 10 gikg bwiday 
polydextrose). The data indicate that polydextrose is norrcarcinogenic in rodents. 

Because the dose in rodents was based on the percentage of the diet, the dose of 
polydextrose when calculated as gram per kilogram body weight per day was probably highest 
when the rodents were young (i.e., low body weights) and lowest when the rats were old (i.e., 
high body weights), although consump tion data were not reported. The carcinogenicity study 
conducted in rats is particularly relevant because these rats were exposed to polydextrose in 
utero, during lactation and for the majority of their life span. 

f. Reproductive and Developmental Toxicity 
Pfizer, Inc. investigated the reproductive toxicity potential of polydextrose in 

experimental animals using several protocols that included the dominant lethal assay, Segment I 
(reproductive), Segment 11 (developmental), Segment 111 (perinatal and postnatal) and a multk 
generation study (Burdock and Flamm 1999). The results of these studies are described-in the 
following sections. 

(1) Dominant Lethal Assay 
The reproductive effect of polydextrose (neutral form) was evaluated using the dominant 

lethal assay. Male CD- 1 mice (8 weeks old; ~ 1 5 )  were gavaged with polydextrose (1 g k g  
bw/day) for 7 days. On the 7'h day of treatment, each male was mated with three females. 
Females were replaced every 7 days for an 8-week period. Eleven days after removal from a 
mating cage, each female was autopsied for evidence of dominant lethality (Le., number of dead 
versus live implants). Polydextrose had no statistically significant effect on (1) number of 
pregnancies, (2) total number of implants, (3) total implants per pregnant female, (4) dead 
implants per pregnant female, (5) percent dead implants or (6)  live implants per pregnant female. 
(Burdock and Flamm 1999) 

(2) Segment I (Reproductive) Studies 
The Segment I study was conducted in Sprague-Dawley rats to investigate the effect of 

polydextrose on fertility and reproductive performance. Male ( ~ 1 5 )  and female ( ~ 3 0 )  rats 
were gavaged daily with polydextrose at dose level of 0, 1 , 2  or 4 dday for 79 days before 
mating for the males and from the 14th day before mating to day 13 post-coitus or throughout 
gestation. Two females were placed in a cage with one male for ten consecutive nights for 
mating. Time zero of pregnancy was determined by observation of sperm or copulatory plug. 

Male fertility was unaffected by polydextrose treatment (Table 19). Treatment with 
polydextrose had no effect on the number of inseminations, pregnancy rate, litter size or pup 
viability. Growth of pups was unaffected by the polydextrose treatment. Mortality during 
lactation as measured by the 4 day survival index, lactation index and 21 day survival index was 
also unaffected. The only observable effect in male rats treated with 4 dday polydextrose was 
soft stools. 
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Table 19. Effect of PDX on Fertility in Male Rats 

Parameter 

Copulation rate 

PDX PDX mx 
(1 glday) (2 glday) (4 glday) 

20126 25/26 24/28 21/28 
(77%) (96%) (86%) 175%) 

Control 

19/20 
(95%) 

Pregnancy rate 

Liner size at birth I 1484f293 I 1375*384 I 1423Q20 I 1300i335 

24/25 22/24 21/21 
(96%) (92%) (100%) 

2781282 3181330 3101313 2721273 I (986%) I (964%) I (990%) I (996%) 
Live birth index 

2691278 4 Day SUNNal index 
(96 8%) 

Number of viable pups at birth I 14 6*3 71 I 13 2f3 91 I 14 1*2 24 I 13 O*3 37 

31 6/31 8 3071310 2701272 
(99 4%) (99 0%) (99 3%) 

268/269 Lactation index (day 4 to 21) 
(99 6%) 

3051316 301/307 2651270 
(96 5%) (98 0%) (98 1%) 

2681278 21 Day suwival index 
(96 4%) 

3051318 301/310 2651272 
(95 5%) (97 1%) (97 4%) 

’Male and female pup growth is the ratio of mean body weights on treatment day 21 and 1 ,  statistical analysts was not 
reported 
Source Burdockand Flamm (1999) 

Male pup growth. 

In female rats, abnormal clinical signs or behaviors were absent. Mean growth rates were 
unaffected by polydextrose treatment (Table 20). Growth was slightly delayed during gestation 
in female rats treated with 2 or 4 g/day polydextrose, and unaffected in the 1 g/day polydextrose 
group. Although copulation rate was somewhat lower in the 4 dday polydextrose-treated group, 
this effect did mt appear to be dose-dependent. Pregnancy rate was unaffected by polydextrose 
treatment. For females killed on day 13 post-coitus, the number of corpora lutea, implantation 
efficiency, number of implants, embryomortality or mean number of viable fetuses per litter 
were unaffected by polydextrose treatment (data not shown). For females that delivered pups, the 
mean length of gestation, mean litter size at birth, number of live pups at birth, mortality during 
lactation (lactation index) and growth rate were also unaffected (Table 21). Histological 
examination of fetuses did not reveal any treatment related malformation. Spontaneous 
malformations were observed that included “kinky tail” syndrome, diaphragmatic hernia, 
atrophic lungs, slight hydrocephaly, interventricular septum defect, shrunken pericardium and 
dilatation of left kidney pelvis. These malformations, or lesions, occurred in such a small number 
of pups that they were not considered by the investigators to be treatment related. 

6 14 5 92 6 15 6 29 

Female pup growth 6 15 6 07 6 10 6 43 
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26/26 
(100%) 

Pregnancy rate 

Table 20. Effect of PDX on G r o w t h  and Fer t i l i ty  in Female Rats 

28/28 24/25 22123 
(1 00%) (96%) (96%) 

Gestation length (days) 

11 GR (day 13lday 0)’ I 124 I 122 I 122 I 118 11 

21 4 21 2 21 7 21 4 

11 GR (day Oldayl5)’” I 112 I 111 I 112 I 115  11 

Femak Growth- 

11 GR (day 2llday Oy I 158 I 160 I 147 I 154 11 

6 44 5 70 6 27 6 60 

Copulation rate II I I I (82%) 

26130 28/29 25128 
(87%) (96%) (98%) 

GR = growth rate, ‘day 15 indicates 15 days prior to conception, “growth of llnering females, statistical analysis was 
not reported 
Source Burdo&and Flamm (1999) 

Table 21. Effect of PDX on Pups of L i t te r ing  Females 

Lltter size at birth I 143*366 I 138f365 I 124t306 I 137f249 

Live birth index I I I 1851186 178/180 1421149 1471151 
(99 5%) (98 9%) (95 3%) (97 3%) 

Number of Iwe pups at birth I 142f372 I 137+397 I 118i316 I 134f220 

Survival index at day 1 18511 95 178/178 1401142 1471147 I I (94 89%) (1 00%) (98 6%) (100%) 

Survival index at day 4 I I I 183/185 1761178 1391140 1471147 
(98 9%) (98 9%) (99 3%) (1 00%) 

Lactation index I I I 17611 83 1751176 1381139 1461147 
(96 2%) (99 4%) (99 3%) (99 3%) 

Male Growth‘ I 636 1 612 I 658 I 640 

(3) Segment I1 (Developmental) Studies 
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The Segment I1 study was conducted in Sprague-Dawley rats to investigate the effect of 
polydextrose on pregnancy and fetal development. Between gestation day 6 and 15, primiparous 
pregnant-dated female Sprague-Dawley rats (n=20 per group) received polydextrose at doses of 
0, 1, 2, or 4 g/day by gastric intubation. Assuming an average body weight of 200 g for a young- 
adult rat, these doses are equivalent to 5 ,  10 and 20 g/kg bw/day. On day 20 post-coitus, female 
rats were killed and the uteri and ovaries were removed and examined for (1) number of corpora 
lutea, (2) number and position in the uterus of live and dead fetuses, (3) late resorptions, (4) early 
resorptions and decidual reaction of the uterine mucosa. Uteri were also stained to reveal very 
early dead implants, and if found, examined for external malformations and weighed. Half of the 
fetuses were fixed in ethanol, stained and examined for skeletal malformations. The remaining 
fetuses were examined grossly for external abnormalities and histopathologically for internal 
abnormalities. 

Mortality, nidation rate, number of corpora lutea per pregnancy, number of implantation 
sites per pregnancy, embryomortality, number of viable fetuses per litter and male per female 
fetal weights were unaffected by polydextrose treatment (Table 22). Histological examination 
revealed an absence of treatment related external abnormalities. Although the percentage of 
internal abnormalities appeared to be increased 5% in the 2 and 4 g/day polydextrose-treated 
groups compared to control, this was due to dilatation of kidneypelvis and/or uteri and 
intrathoracic hemorrhage. These occurrence rates were reported to be within historical variation 
for this strain of rat. 
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Table 22. Effect of PDX on Pregnancy and Fetal Development in Rats 

Nidation rate' 

Preimplantation loss rate 

Internal abnormalities" 

T h e  number of females showing implantation sites over the number of females killed on day 20 post conus, VFIlltter = number o 
viable fetuses per liner. SD = standard deviation, T o t a l  abnormalities per total fetuses examined. 'Statistical analysis was 
performed on these parameten, although the procedures used were not reported, "Associated with agnathia, absence of palate 
and spina biflda 
Source Burdock and Flamm (1999) 

A second Segment I1 study was conducted in New Zealand white rabbits. Female rabbits 
( 1 ~ 1 5  per group) were intubated (oral administration) daily beginning on gestation day with 0, 3, 
6 or 12 g/day ofpolydextrose, equivalent to doses of 1.5, 3 and 6 g k g  bw/day assuming an 
average body weight of 2 kilograms. Treated rabbits were observed daily for health status, 
abnormal behavior or reaction to treatment. Maternal body weights were recorded every 3 days. 
The experiment was terminated on day 28 post-insemination. Uterus and ovaries were removed 
and number of corpora lutea, number and position in the uterus of live and dead fetuses, 
latdearly resorptions and decidual reaction of the uterine mucosa were recorded. Fetuses were 
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examined for external malformations and weighed. The skeletal observations were performed for 
half of the fetuses. The remaining fetuses were examined histopathologically. The effect of 
polydextrose on stools in the pregnant females was not reported. 

Of the surviving females (66), four experienced diarrhea (1 control, 2 mid-dose and 1 
high-dose). Burdock and Flamm (1999) did not attribute the occurrence of diarrhea to treatment 
because rabbits commonly react to stress with diarrhea. Water consumption was increased in 
polydextrose-treated rabbits; however, water consumption was not recorded quantitatively. 
Growth of pregnant females was unaffected by polydextrose treatment. Mortality, nidation rate, 
pregnancy rate, corpora luteaper pregnancy, number of implantation sites, embryomortality, 
fetal weights, placental weights and amniotic fluid weights were also unaffected (Table 23). 
External abnormalities (hematoceles) were reported by Burdock and Flamm (1999) to be not 
dose-dependent. In the 6 dday polydextrose group, two rabbits were described with severe 
abnormalities (z.e., spina bifida, club feet, atrophic tail andor absence of tail). Because these 
occurred at only the mid-dose, these effects were not considered treatment-related. One to two 
rabbits of this same group presented internal abnormalities that consisted of spina bifida with 
absence of tail (l), ectopic left kidney (l), dilation of the kidney pelvis (2) or dilatation of 
cerebral ventricles (1). Of these internal abnormalities, only one fetus had an abnormality that 
was of the skeletaktype. These internal abnormalities were absent in the 3 and 12 dday 
polydextrose-treated groups. 
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Mortalty 

Nidation rate' 

Pregnancy rate 

Corpora lutedpregnancy' 

Table 23. Effect of PDX on Pregnancy and Fetal Development in Rabbits 

311 5 411 5 011 5 1/15 
(20 0%) (26 66%) (0%) (6 66%) 

6/12 10/11 12/15 11/14 
(50%) (90 9%) (80%) (78 6%) 

4/15 9/15 11/15 10115 
(26 66%) (60 0%) (73 33%) (66 66%) 

12 5i3 70 132f254 11 8 f l  60 12 1 i 2  02 

Parameter 

15/50 
(30 00%) 

2/35 

Preimplantation loss rate 

Emblyomortalty 
(5 7%) 

491119 451130 331121 
(41 17%) (34 16%) (27 27%) 

4/85 7/88 NR 
(4 7%) (7 9%) 

11 Implantation slte/pregnancy' I 8 7 f 2 0 6  I 7 8 i 2 5 4  I 773293 I 8 8 f 3 0 5  I( 

Internal abnormalities" 6/41 2/39 
(1463%) (5 13%) 

0135 0117 

11 VFlliter (mean f SD) I 83+150 I 7 8 f 2 5 4  I 74f311 I E l f 2 8 1  11 
11 Fetus weight (mean f SD)' I 324f438 I 335k492 I 3 0 7 6 2 6  I 3 3 3 i 5 3 1  11 
11 Placental weight (mean i SD)' I 6 3 f l  06 I 6 8 f 1  20 I 6 0 f 1  59 I 67+1 17 11 
11 Amnioticfluidweight(meaniSD)' I 20+089 I 2 5 i 1 4 7  I 2 2 f 1  88 I 2 3 f 1 4 6  11 

(4) Segment 111 (Perinatal and Postnatal) Study 
The Segment I11 study was conducted in Sprague-Dawley rats to investigate the effect of 

polydextrose on fetal development during the last third of pregnancy, delivery, lactation, 
neonatal and postnatal viability, as well as postnatal growth and development. Virgin female rats 
(65 days old; mean body weight 202 g) were mated, and then administered polydextrose (0, 1, 2, 
or 4 giday) beginning on post-coitus day 15, throughout lactation and up to weaning. Female 
body weights were recorded every 3 days beginning on the third gestation day. External genital 
tracts were examined beginning on gestation days 10, 11 and 12. Length of gestation, parturition 
when possible and lactation were also recorded. Uteri were stained on the day each family was 
killed (on post-coitus day 25 for norrlittering females and at time of weaning for littering 
females) and examined. The following parameters were recorded for each litter: number of 
newborns (dead or alive), pup body weights at 24 hours, 4 and 21 days, suckling during the first 
days (in case of agalactia or cleft palate), growth (turning reflex, pinching reflex, grasping reflex 
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time of opening of external auditory meatus, pinna reflex and time of opening of palpebral 
fissures), and ophthalmology. For five pups per sex per dose, gross necropsy examinations were 
performed on the first weaning day. 

Treatment-related adverse symptoms or abnormal behavior were absent in polydextrose- 
treated rats. Nidation and parturition rates, as well as gestation length, were unaffected by 
polydextrose treatment (Table 24). The number of viable pups was reduced in the 2 gday 
polydextrose treatment group. Burdock and Flamm (1999) reported this effect to be unrelated to 
treatment and within biological variation. The live birth index, 4 day survival index and lactation 
index were also unaffected by polydextrose treatment. The 21-day survival index was dose- 
dependently increased in polydextrose-treated rats. 

Table 24. Effect of PDX on Maternal and Postnatal Development in Rats 

Pariuntion rate 

4 Day survwal index 

21 Day survival index 

T h e  number offernales with implants per number offemales kllled, VFflltter = number of vlable fetuses per Imer, SD = 
standard deviation, Stalistica analysis procedures used were not reported 
Source Burdock and Flarnm (1999) 

The effect of polydextrose on growth in postnatal pups is presented In Table 25. The 
growth rate in rat pups of polydextrose-treated groups is within 10% of the control, which is also 
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within the normal biological variation for this parameter. Postnatal development of the pups 
assessed by the appearance of some reflexes or anatomical modifications was reported to be 
satisfactory. No difference between polydextrose-treated groups and the control group was 
observed in the appearance of the righting and pinching reflexes. Burdock and Flamm (1999) 
reported a “slight delay (about 12 hours)” in the appearance of other criteria. Gross pathological 
examination did not reveal any treatment-related abnormality. 

T a b l e  25. Effect of PDX on Postnatal G r o w t h  in R a t  Pups 

1 Male 7 5*0 86 6 7*0 91 7 If1 16 6 8fO 59 

Female 7 If0 82 6 4f0 90 6 6*0 69 6 6*0 61 

4 Male 1 1  2f1 62 104tl 17 107f2 15 9 9*0 82 

4 Female 10 5H41 9 8fl 13 9 8il 19 9 4f0 76 

21 Male 50 4*8 06 46 2f7 27 48 3f9 18 42 9*4 23 

21 Female 47 8*7 20 42 3f8 40 43 5*8 28 41 10M 44 

1-21’ Male 6 72 6 90 6 80 6 30 

1-21. Female 6 73 6 61 6 59 6 21 

’Calculated as the mean growth rate of pups in grams per gram of body weight at day 1 ,  Statistical analysis 
procedures used were not repotted 
Source Burdock and Flamm (1999) I 

(5) MultLGeneration Study 
A multkgeneration study was conducted in Sprague-Dawley rats to investigate the effect 

of polydextrose (acidic form) beginning with exposure in utero until reproductive age, as well as 
subsequent effect(s) to offspring (Burdock and Flamm 1999). Polydextrose (5% or 10% of the 
diet) was fed daily to rats that were 23 days old until termination for the initial generation (Fo) 
and during the remainder of life for the following three generations (F1, Fz and F3). At the time of 
mating, rats had been fed polydextrose for 60 days (Fo) or 70 days (FI and Fz). In each 
generation, rats were mated with male rats fed the same dose of polydextrose. On the first day 
after birth, litters of the F1 generation were culled to ten pups (five per sex) and no fostering 
permitted. The Fz generation was produced by mating 20 F1 rats of each sex at each dose level 
after 70 days of polydextrose treatment. The F3 generation was produced from the F2 generation 
using the same procedure. The Fo and F2 generations were killed at the time of weaning. All rats 
were observed daily for general health and behavior. Body weights and food consumption were 
determined weekly. After 100 days of treatment, eye examinations were performed on the Fo 
generation controls and 10% polydextrose-treated group. At birth, offspring were examined for 
gross physical abnormalities. The number of live and dead pups in each litter was recorded. 
Ophthalmoscopic examinations were performed on opening of palpebra and before weaning in 
50 pups of the control and 10% polydextrose groups in the F1, FZ and F3 generations. Gross 
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Fertilily index’ 

Fertility index. 

Fertility index’ 

necropsy was performed on five weanlings per sex per dose in each generation. Reproductive 
performance assessments included (1) fertility index and (2) mating index. Offspring viability 
(w,, survival until weaning) was assessed by recording the gestation index. The lactation index 
was also determined to assess the ability of dams to breed and feed their offspring. Sex ratios 
were calculated to estimate possible sex-related toxicity. 

The general health of the rats was unaffected by polydextrose treatment. Most rats in all 
generations exhibited soft and dark stools that lasted a few days after ingesting polydextrose. 
Diarrhea did not occur in polydextrose-treated rats. Food consumption was reported to be 
slightly increased in males treated with polydextrose in the Fo and F I  generations. One female of 
the 10% polydextrose group in the Fo generation died of unknown causes. The offspring ofthis 
Fo female that died were killed and excluded from the study. Copulation rate and mating 
behavior were normal. The values of the mating index in the Fo generation were 85%, 85% and 
95% for the control, 5% polydextrose and 10% polydextrose groups. The variances in the mating 
index were reported to be unrelated to treatment. Mating indices for the F1 and F2 generations 
were 100% in all three groups. Over the three generations of rats, fertility index in polydextrose 
groups did not fall below the value in the control group, and gestation length was normal (Table 
26). 

Table 26. Effect of PDX on Fertility Index and Gestation Length in Rats 
I, 

FO 85% 90% 95% 

FI 100% 100% 100% 

F2 90% 100% 95% 

I I I (5%) (10%) 
11 Parameter Generation Control 

Gestation length 

Gestation length 

Gestation length 

FO 21 3 21 8 21 7 

F, 21 4 21 a 21 4 

F2 21 5 21 8 21 6 

The number of live pups per litter, the number of stillbirths, 4-day survival index, 
lactation index and 21-day survival index were also unaffected by polydextrose treatment (Table 
7). Burdock and Flamm (1999) reported that mean body weights were unaffected by 
polydextrose treatment in any of the three generations of offspring. Mortality was absent in the 
FI generation and only a few deaths occurred in the F2 and Fj generations. The 4-day and 21-day 
survival indices indicated that polydextrose has no effect on mortality in rats. The Wilcoxon rank 
sum test indicated that the lactation index was “slightly better” in the polydextrose-treated 
groups than in the control group. Burdock and Flamm also reported that the sex ratios at weaning 
indicated that there was no sex-related mortality. They also reported that variations between dose 
levels and generations were due to initial differences on day 1 after birth. Mean body weights at 
postnatal days 1 and 4 were slightly higher in male and female rats treated with polydextrose 

72 

000322 



319 

compared to control. At postnatal day 21 (weaning), pup body weights in the 5% and 10% 
polydextrose-treated groups were similar to control. Examination of stillborn ktuses and 
autopsies of pups that died during lactation or weaning did not reveal any treatment-related 
abnormality. Any pathological observations were of congenital origin or residues of embryonic 
structures. Ophthalmologic examinations also did not reveal any treatment-related ocular lesions. 
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- 
FUX FUX 
(5%) (10%) 

Parameter Generation Control 

~~~~~ 

FI 12 9 12 3 13 0 
Live pupsllitter at birth (mean) F2 12 9 12 9 138 

F3 12 9 11 4 137 

LNe pupsllltter at day 4 (mean) 
FI 9 6  10 0 10 0 

F2 9 7  9 9  9 9  

Live pupsllitter at day 21 (mean) 

4-Day survival index* 

21-Day SurYival index' 

Sex ratios at weaning 

Male body weights (g) at day 1 (mean) 

Male body weights (9) at day 4 (mean) 

Male body weights (g) at day 21 (mean) 

Female body weights (9) at day 1 (mean) 
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Female body weight4 (g) at day 4 (mean) 

Female body weights (g) at day 21 (mean) 

Parameter 

F2 9 8  105 10 0 

F, 9 8  103 10 4 

FI 45 9 448 448 

F2 37 8 39 9 36 0 

F3 446 440 43 1 

I (5%) PDx 
Generation Control 

(6) Summary of Reproductive and Developmental Toxicity 
Although none of these studies administered polydextrose to lactating pups directly, the 

data are useful because some of the endpoints measured are relevant and sensitive indicators of 
toxicity. The growth of neonatal pups whose dams were administered polydextrose (Segment I11 
and multkgeneration studies) was either unchanged from control or enhanced (see mult; 
generation study). Any effect on growth is likely to be detected in the multkgeneration study 
because of the long duration of exposure in successive generatiom. The data suggest that 
polydextrose does not interfere with the absorption of dietary nutrients. 

Malformations, especially skeletal, are sensitive toxicological endpoints because these 
occur only rarely in rats. Thus, even small, dose-dependent increases in the frequency of 
malformations of fetuses may establish a teratogenic effect. Soft tissue and skeletal 
malformations that could be attributed to polydextrose treatment did not occur in any of the 
reproductive and developmental studies. This sensitive endpoint provides additional supportive 
evidence that polydextrose is nomtoxic in rodents at the doses administered (10 g/kg bw for 
rats). 

The only significant treatment-related effect observed in these reproductive and 
developmental studies was softening of the stools. This effect was not severe enough to result in 
a malnourished state in rodents at the doses tested. No diarrhea was reported in any of the rats 
receiving polydextrose in any generation. Overall, these reproductive and developmental data 
indicate that polydextrose is neither a reproductive nor a developmental toxicant at the doses 
tested. 

g. Summary of Preclinical Safety Studies 
Numerous preclinical safety studies (acute, subchronic, chronic, carcinogenicity and 

reproductive/developmental) were conducted to investigate the adverse effects, if any, of 
polydextrose (acidic and neutral forms) administered by the oral route. Under acute exposure 
conditions, exceedingly high doses (>18 gkg bw/day) of polydextrose (acidic and neutral forms) 
were required to produce overt signs of toxicity and mortality. Thus, polydextrose presents very 
low toxicity when administered acutely. The only consistent observable effect in all three species 
at these very high doses was diarrhea, which lasted for less than 24 hours post-administration. 
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The occurrence (Le., number of animals affected in each group) and severity of diarrhea was 
dose-dependent. 

Feeding rats 10 gkg bw/daypolydextrose (acidic form) for three months (Le., 
subchronic) did not produce any observable adverse effect in rats or monkeys. In dogs fed 21 
gikg bw/day polydextrose (acidic form) for three months, the only effect observed was an 
increase in the prevalence of loosely formed and occasionally watery stools, a laxation effect that 
had no consistent or appreciable effect on serum, urinary clinical chemistries or kidney. A higher 
dose (3 1 &g bw/day) of polydextrose (neutral form) fed to dogs for three months produced 
severe diarrhea that disrupted serum electrolyte balance, which in turn, led to calcium 
nephropathy in two dogs. 

In chronic safety studies in dogs fed 14 gikg bw/daypolydextrose (acidic form) for 13 
months, unformed andor watery stools occurred daily, which in two dogs, disrupted sodium 
homeostasis, leading to increased renal reabsorption of sodium and calcium and eventually 
calcium nephropathy. Electrolyte imbalance and calcium nephropathy did not occur in the 
remaining dogs of this high dose group. In dogs fed a lower dose of 7 g/kg bw/daypolydextrose 
(acidic form), stools were only occasionally watery and there was no effect on serum calcium 
and urinary sodium concentrations and, not surprisingly, calcium nephropathy did not develop. 
Polydextrose (neutral form) produced a diarrhetic effect in two chronic studies, even at the loner 
dose of 4 gikg bw/day. The chronic diarrhea condition, as well as increased intestinal calcium 
absorption, resulted in electrolyte imbalances, which over time, produced calcium nephropathy. 
This effect, which occurred only with the neutral form of polydextrose and not with higher doses 
of the acidic form, is not relevant to assessing the safety of the Litessea Two product with 
regard to diarrhea since these product is polydextrose (acidic form). 

Data from rodent carcinogenicity studies indicate that polydextrose is norrcarcinogenic. 
Of the reproductive and developmental studies conducted, the Segment 111 ( I  e ,  neonatal 
exposure) and multk generation studies are particularly relevant to the safety assessment of 
polydextrose to infants. Growth was unaffected by polydextrose to pups exposed neonatally in 
these Segment I11 and multigenerational studies. Lastly, polydextrose is norrteratogenic. 

(1) Mechanism of Calcium Nephropathy 
The investigators proposed that calcium nephropathy observed in dogs fed polydextrose 

(neutral form) was a result of the treatment-induced diarrhea. The events leading to calcium 
nephropathy are (1) induction of severe diarrhea that results in (2) fluctuations in extracellular 
fluid volume producing an electrolyte imbalance, which in turn leads to (3) a hypercalcemic state 
and increased renal excretion and reabsorption. The increased workload of the kidney in 
reabsorbing calcium over a prolonged period of time eventually results in calcium nephropathy. 

(2) Differential Effect of Polydextrose (Acidic and Neutral Forms) on Diarrhea 
It is clear from the data that polydextrose neutral form is more potent at eliciting diarrhea 

in dogs than is polydextrose acidic form. In studies, diarrhea induced by a dose of 4 g k g  bwiday 
of polydextrose (neutral form) was severe, while only mild diarrhea was induced in dogs fed 
14 gkg  bw/day of polydextrose (acidic form) and no diarrhea was produced in dogs fed 
polydextrose (acidic form) at 7 g k g  bw/day. Polydextrose (neutral form) disrupted electrolyte 
balance, leading to renal toxicity at a relatively low dose of 4 gkg bwiday (chronically fed), 
whereas electrolytes and kidney were unaffected in dogs chronically fed 7 gkg bw/day 

76 

000326 



polydextrose (acidic form). Only a very high dose (14 gkg bw/day) of polydextrose (acidic 
form) disrupted electrolyte balance and kidney morphology. These data indicate that the two 
forms of polydextrose (acidic and neutral) have differential effects on diarrhea, electrolyte 
balance and renal morphology. The severe diarrhea observed in dogs fed polydextrose (neutral 
form) is likely due to the presence of potassium (1.5%), which is absent in polydextrose (acidic 
form). The data demonstrate that polydextrose (neutral form) is relatively more toxic (i.e., renal 
toxicity) than polydextrose (acidic form), at least in dog models. This finding is significant 
because the polydextrose produced by Danisco that is proposed for use in infant formula 
(Litessea Two) is the polydextrose (acidic form). Therefore, the safety assessment of 
polydextrose produced by Danisco is based on preclinical safety data from rats, dogs and 
monkeys that were fed acidic form of polydextrose. 

The data indicate that chronic ingestion of 7 g k g  bw/day of polydextrose (acidic form) is 
without any observable adverse effect in experimental animals. 

D. Clinical Studies 
The effect of polydextrose in humans has been investigated in numerous clinical studies 

that include changes in serum lipids, ability to absorb glucose and induction of diarrhea. Of 
particular importance is whether gastrointestinal absorption is impaired by polydextrose and/or 
whether acute severe or chronic diarrhea is induced. Impaired absorption and certain diarrhetic 
states are effects that can potentially result in impaired health of the infant. The results of these 
clinical studies are critically evaluated in the following sections. 

1. General Safety 
Jie et al. (2000) investigated the effect of polydextrose in healthy male (n=16-17 per 

group) and female (n=I 3- 14 per group) volunteers (average age of male and female subjects 
were 32.9 and 29.4 years, respectively). Subjects ingested 0 (control), 4, 8 or 12 grams 
polydextrose/day for 28 days. After 7, 14,21 and 28 days of polydextrose supplementation, 
clinical chemistries and body weights were measured and recorded. Glucose tolerance and 
glycemic index were determined 7 days before and 28 days after polydextrose supplementation. 
At the end of the 28-day period, feces were collected and fecal pH, short-chain fatty acids 
(SCFAs), microbiota, sterols and mobture were measured. Frequency of defecation, ease of 
defecation, abdominal distention, abdominal cramps, diarrhea and hypoglycemic symptoms were 
rated on a scale of 1-10, 

Clinical chemistry parameters were unaffected by polydextrose. Glycemic index 
decreased 12% after 28 days of polydextrose supplementation as compared to baseline. Ratings 
of abdominal distension did not differ between control and polydextrose supplemented groups. 
Abdominal cramps, diarrhea, hypoglycemic symptoms or other discomforts did not occur in any 
of the four groups. Both wet and dry fecal weights increased and fecal pH decreased dose- 
dependently compared to control. Fecal acetate, butyrate and isobutyrate were dose-dependently 
increased up to 25%, 50% and 45%, respectively, by polydextrose. 

Jie et a1 (2000) concluded that consumption of 4-12 grams of polydextrose/day did not 
produce any observable adverse effects. Polydextrose intake inhibited excessive glucose 
absorption from the small intestine and was fermented in the lower gut to produce SCFAs, 
including butyrate. These investigators also reported the effect of polydextrose on 
gastrointestinal microbiota; however, they used selective media not specific for bifidobacteria or 
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lactobacilli. Thus, the reported counts for these microorganisms are erroneous. Furthermore, the 
methods described cannot enable selection, differentiation and enumeration of Bacteroides 
fiagilis, Bacteroides vulgutus and Bacteroides intermedius in stool samples. Thus, the reported 
data on Bacteroides are also erroneous. 

2. Serum Lipids 
Liu and Tsai (1995) investigated the effect of polydextrose on serum lipids in 50 young 

volunteers (n=10 per group; age 21 years; body weight 67.7 kg). Volunteers ingested 10 grams 
of polydextrose daily for 18 days. Serum cholesterol, high-density lipoprotein, low-density 
lipoprotein and triacylglycerol concentrations were measured prior to starting the study and after 
12 and 18 days of polydextrose ingestion. After 12 days of ingesting polydextrose, serum 
cholesterol and low-density lipoprotein concentrations were unaffected. After 18 days of 
polydextrose ingestion, serum cholesterol and lowdensity lipoprotein concentrations were 
reduced by 10% and 17%, respectively. Serum high-density lipoprotein and triacylglycerol 
concentrations were unaffected by polydextrose. While the relevance of decreased cholesterol 
and low-density lipoprotein in adults may have little relevance to infants, these observations 
were interpreted as beneficial by the investigators (Bittner 2002; Gaw 2002). Thus, the effects of 
polydextrose on serum lipids are not considered adverse effects. 

3. Micro biota in Adult Humans 

activity, putrefactive products, volatile fatty acids and fecal pH in eight (6 males and 2 females) 
healthy volunteers (ages 27-46 years) fed a high cholesterol diet (HC; amount of cholesterol 
consumed 980 mglday). All eight subjects consumed a low cholesterol diet (LC; 159 mg/day) for 
2 weeks, then the HC diet for 2 weeks, followed by a HC diet supplemented with polydextrose 
(15 g/day or 0.25 gkg bw/day) for 2 weeks. Food records of energy and nutrient intake were 
obtained over a 5-day period. Fecal specimens were collected from each subject during the last 6 
days of each dietary period. All subsequent stools were collected for determination of 24-hour 
fecal output. Fecal pH, stool weight, microbiotal growth, putrefactive products (indole, skatol, p- 
cresol and phenol), volatile fatty acids (iso-valeric acid and iso-butyric acid) and enzyme activity 
(B-glucuronidase, B-glucosidase, nitroreductase and tryptophanase) were measured. 

Endo et al. (1991) investigated the effect of polydextrose on microbiota, bacterial enzyme 

Table 28 presents the energy and macroingredient intakes of each of the three diets. 
Carbohydrate intake was greatest, while fat and cholesterol intake was lowest, in the LC diet. 
Energy and protein intake did not differ considerably among the three diets. Energy and nutrient 
parameters did not differ between the HC and HCP diets. Fecal water content did not differ 
among the three diets. Fecal output was reduced during the HC period (as compared to the LC 
period), while it was increased during the HCP period. Compared to LC diet, fecal pH increased 
during the HC period, while it was reduced during the HCP period. 
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Cholesterol (mg) 

Polydextrose (9) 

Table 28. Energy and Macroingredient Intakes in Adult Humans (Mean+SD) 

159*38 98oi78 1021+83 

15 .. .. 

2588+261 

LC m: 

Energy (kcal) 2284+453 2849i228 

11 Carbohydrate(%kcal) I 709+36 1 31 8i20 1 299+20  (1 
11 Protein (% kcall I 1 5 9 i 1 5  I 148+10  I 175+09 11 

11 Animal Fat (%) I 4 7 5 i 1 0 3  I 743+1 9 I 784i25 11 

Both the number and frequency of occurrence of Clostridiumperfingens and 
Enterobacteriaceae were lower during the HCP diets as compared to the HC diets. B 
Glucuronidase, nitroreductase and tryptophanase activities were unaffected by polydextrose 
supplementation. B-Glucosidase activity was increased during the HCP period as compared to 
the HC period. Polydextrose reduced the stool concentration of indole, iso-valeric, p-cresol and 
iso-butyric acid (quantitative data provided, mean values were not given). 

Endo et al. (1991) proposed that polydextrose has a protective effect by inhibiting the 
growth of C perfingens, which are considered pathogenic bacteria. The reduced putrefactive 
products by polydextrose is another indicator of a protective effect because these substances are 
considered to be potential promoters or mutagens produced by Clostridium. Members of 
Clostridium group modify bile acids and this modification might represent biotransformation of 
these compounds into carcinogenic agents. The putrefactive products, such as indole, skatol, p-  
cresol and phenol produced from amino acids by Clostridium, E coli, Bacteroides, 
Ruminococcus, and Megasphaera are known as promoters or mutagens. High fiber intake may 
inhibit the growth of some fecal clostridia, leading to decrease promoters and mutagens. 
Although, the study by Endo et al. is limited by the small number of participants, the short 
duration of feeding and application of only a single dose of polydextrose, the gastrointestinal 
changes observed in this study are not considered an adverse effect. 

4. Mineral and Glucose Absorption 
Although the effect of various dietary fibers on mineral absorption has been reported in 

infant formulas (Davidsson et al. 1996; Bosscher et al. 2001; Bosscher et al. 2003), the effect of 
polydextrose on mineral absorption has not been reported in the scientific literature. One study 
was found in the literature that reported the effect of polydextrose on glucose absorption in 
humans. 
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Bamba et al. (1993) investigated the effect of polydextrose on glucose absorption in five 
healthy volunteers. A perfusion technique was used to measure the glucose absorption rate of 
volunteers orally administered a polydextrose-free solution followed by a 5% polydextrose 
solution. The thickness of the unstirred water layer of the upper jejunum was also measured. 
Glucose absorption and the thickness of the jejunum unstirred water layer were unaffected by 
polydextrose perfusion. Bamba et al., proposed that the lack of an effect on the unstirred water 
layer thickness was probably due to the inability of polydextrose to alter the viscosity of the 
perfused solution. In this single study, the data indicate that glucose absorption is unaffected by 
polydextrose. 

5. Laxation 

children (Nakagawa et al. 1990; Liu et al. 1994; Zhong et al. 1998; Flood et al. 2004). 
Additionally, Flood et al. (2004) reported results of nine unpublished studies in which the 
effect(s) of polydextrose was investigated in human subjects, including two studies in children. 
Both of these studies are potentially important in this safety evaluation because gram quantities 
of polydextrose were consumed. All clinical studies were critically evaluated for the 
determination of an appropriate no-observable-adverse-effect (NOAEL) level for diarrhea. Table 
29 presents the effect of polydextrose on laxation in adults and children from all known clinical 
studies reported in the literature. 

Several studies have been published in which polydextrose was administered to adults or 

MJ conducted a clinical study(Zieg1er et al. 2007) in which polydextrose was given to 
infants, along with other prebiotic ingredients, as a component of their formula; since this study 
included other prebiotics in addition to polydextrose, it is described in detail in the first volume 
of this submissionrather than in this volume devoted to polydextrose. Healthy newborn infants 
received control formula or formula containing either 2 giL of polydextrtose and 2 g/L of 
galactooligosaccharides (GOS), or 4 g/L of polydextrose, 2.7 g/L of GOS, and 1.3 giL of 
lactulose, for 4 months. The infants receiving the formula containing prebiotics had softer and 
looser stools but were not significantly more likely to experience diarrhea. 
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Table 29. Effect of polydertrose (PDX) on laxation in adults and chi ldren 

Gender 

= 

M 

M 

M&F 

- 
M8F 

- 
M&F 

M&F 

M 

M 

F 

- - 
21-59 

21-54 

21-47 

12-60 

41-67 

18-23 

20-30 

21-32 

19-50 

I 

Single-blind 

I 57 
Double-blind 

I 21 

Doubleblind 

I 51 
Double-blind 

Double-blind I 10 

I l6 
Doubleblind 

NR I 12 

I 24 
Doubleblind 

Doubleblind 1 200 

NR I 22 

I, 35 or 7! 

40-130 

0 or 
30145160 

0 or 50 

0 or 
30/40/50 

0 or 30 

0 or 57 6 

0, 10 20, 
30 or 40 

0, 5, 7 or 
10 

Laxation Effect 

glkg bwlday 

Five and 11 cases of diarrhea occurred in the control and 
PDX groups 

0, 1 25/2 50 

Two cases of diarrhea occurred 35 glday PDX group 
Diarrhea did not occur in the control or 75 glday PDX group 

0 , O  58or 125 

D arrhea o a not occur n any of the suqects mat ingested 
PDX -owes1 maximdn toleratea dose for axation was 50 
groay The mean laxai ye lnresnold oose was 90 g.day 

Six and 21 cases ofsofler stoolslmild diarrhea occurred in 
the control and PDX groups I l2 I 0 or 0 510 7511 

One case of diarrhea occurred in the control and PDX 
group, respectively 

, or 510 67/o I~;hea did not occur in any of the subjects that ingested 

Softer stools ana flatulence ow-rred Weedy fecal mass 

stool freqdency Diarrnea o o not appear to OCCJ 
OorO5  I 30 I was increas ea only 0 02% ho effect on stool transit m e  or 

or 83 I IECghea did not occur in any of the subjects that ingested 

), 2, or I lD&wa did not occur in any of the subjects that ingested 

Soft stools were observed in tne 7 ana 10 grday PDX 
groups Tne frewency ana ease of oefecation were 
“naffected 

Reference 

Alter(1974) 

Knirsch (1974) 

Raphan (1975a) 

Raphan (1975b) 

McMahon (1974) 

Scrimshaw and Youn! 
(1977) 

-omlin and Read (198t 

Beer (1989) 

curtis (1991) 

qakagawa et a l  (1990 

8 1  
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OorO17 

0 13-0 2 

I, 0 07. 0 13 or 
0 2  

0. 0 510 75/1 0 

NR 
PDX improved constipation as measured by the frequency 
of no bowel or partial bowel movement No other effect was 
reported 

Increased ease ofdefecation. softening of the feces, stool 
amount and decreased fecal pH were observed Acetic, 
butyric and isobutyric acids were increased Lactic acid 
producing bacteria (I e , Bifidobactena. LactobacfJJf) were 
increased while pathogenic bacteria were suppressed No 
other gastrointestinal effect. including diarrhea was reported 

Clinical chemistry parameters were unaffected by 
polydextose Glycemic index decreased 12% Abdominal 
cramps, diarrhea, hypoglycemic symptoms or other 
discomfolts did not occur Fecal weights increased and fecal 
pH decreased dosedependently Fecal acetate. butyrate 
and isobutyrate were dosedependently increased 

Diarrhea did not occur in control, while transient diarrhea 
occurred in PDX group Isolated and transient diarrhea 
occurred on a single day and disappeared spontaneously In 
2-3 year olds, 6 out of 11 experienced diarrhetic episodes 
and the total number of diarrhetic episodes was 16 out of 
308 subject days For the entire group of children. the total 
number of transient diarrhetic episodes was 36 out of 1596 
subject days No dosdependent effect was reported 

2 6 Liu et a i  (1994) 

Zhong el 

Jie et a/ (2000) 

Bunde (1975) 

NR Mi 

M&F 

NR 
I 
29-30 DoubCblind 

2-16 NR 

Oor10 

8-12 

I ,  4, 8 or 
12 

I, 15-55 

~ 
~ 

0 
3 
0 
0 
w 
N 

jay=grams/day. g/kg bw/day=grams per kg body weight per day, Mmale, F=female, NR=not repolted. #=number, Y=yes. N=no, C=corroborative 
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a. Adults 
Flood et al. (2004) describe the results of nine unpublished studies in which the effect of 

polydextrose (the form of polydextrose acidic or neutral not specified) was investigated in adults 
and children (Alter 1974; Knirsch 1974; McMahon 1974; Bunde 1975; Raphan 1975a; Raphan 
1975b; Scrimshaw and Young 1977; Beer 1989; Curtis 1991). Each of these nine studies, as 
reported by Flood et al. (2004) is described and critically evaluated below. 

Pfizer, Inc. conducted a Phase I single-blind study in which male volunteers, between the 
ages 21 and 59 years, consumed polydextrose for 3 weeks (Alter 1974). Subjects ingested daily a 
chocolate drink supplemented with an unidentified placebo (n=9) or polydextrose (n=20) for 3 
weeks. During the first 2 weeks of treatment, subjects ingested 75 giday of polydextrose; the 
dose was increased to 150 &day during the 3rd week of treatment. The dose in g k g  bw/day was 
not reported; however, if it is assumed that the average body weight was 60 kg, then the dose of 
polydextrose administered is calculated to be 1.25 g k g  bw/day and 2.5 g k g  bw/day. Feces were 
analyzed for pH, water retention, total lipids, nitrogen, calcium and potassium were measured 
weekly. Gastrointestinal transit time was measured during the week prior to initiating treatment, 
as well as during the first 2 weeks of treatment. Differezes between placebo and polydextrose- 
treated groups were determined using the Student's t-test. 

Eleven of the 20 subjects that ingested polydextrose were dropped from the experiment 
because of diarrhea (five during week I ,  three during week 2 and three during week 3). In the 
placebo group, five of the nine subjects were dropped due to diarrhea that occurred during the 
third week. It was reported that gastrointestinal symptoms in the polydextrose-treated group were 
more severe than in the placebo group. Mean fecal lipids, fecal nitrogen and gastrointestinal 
transit time were unaffected by polydextrose treatment. Mean fecal water content, potassium, 
calcium and pH declined during the first week of polydextrose treatment, but were unaffected 
during the second and third weeks of treatment. Although, Alter (1974) concluded that 
polydextrose was not well tolerated; Flood et al. proposed that the higher number of dropouts in 
both the polydextrose-treated and placebo groups was possibly due to consumption of milk (i.e., 
lactose intolerance). It is possible that the polydextrose administered was the neutralized form, 
which is the more potent and a form of polydextrose more likely to induce diarrhea inducing. 
Although the strength of this study is the large doses of polydextrose administered, it is a poorly 
designed study evidenced by the low number of subjects in each group, the relatively short 
duration of treatment and few doses (only two) administered for unequal lengths of time (1 week 
versus 2 weeks at each dose level). 

Pfuer, Inc. conducted a double-blind study that investigated the effect of polydextrose in 
male volunteers (Knirsch 1974). Male subjects ( ~ 6 - 7  per group) between the ages 21 and 54 
years consumed either a normal diet or a diet supplemented with polydextrose (0, 35 or 75 dday) 
for 2 weeks, excluding weekends. The dose of polydextrose in g/kg body weighdday was not 
reported; but is calculated to be 0.58 and 1.25 gikg body weighdday. Polydextrose was ingested 
during breakfast and lunch. Subjects, who ingested 75 giday polydextrose received a third 
portion in gumdrops and cookies during coffee break. Subjects responded daily to a 
questionnaire on the effects of the diet on eating and bowel movements. Differences between 
groups were determined using one-way analysis of variance followed by Tukey's post-hoc test. 

It was reported that all subjects completed the study and polydextrose was well tolerated. 
Two subjects, who consumed 35 g/day polydextrose experienced mild diarrhea, while none of 
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the subjects ingesting 75 dday polydextrose experienced diarrhea. Softer stools and flatulence 
occurred in subjects that consumed 35 or 75 giday polydextrose. The frequency of symptoms 
was reported to be greater at the higher dose (data not given). No other informatbn regarding 
this study was described by Flood et al. (2004). The two cases of diarrhea in subjects ingesting 
35 giday polydextrose could be from causes other than polydextrose consumption because 
diarrhea did not occur in subjects who ingested a dose over two times greater (75 giday 
polydextrose). 

Pfizer, Inc. conducted two additional studies in which the effect of polydextrose on the 
gastrointestinal tract. was investigated (Raphan 1975a; Raphan 1975b). A double-blind, single 
three-sided Latin Square study was performed in which male and female volunteers aged 21-47 
years ingested increasing doses of polydextrose for IO days (Raphan 1975a). Subjects (n=7 per 
group) ingested either polydextrose or a placebo (maltodextrin) in the morning (fruit- flavored 
drink), at noon (gelatin dessert) and late afternoon (ice cream). The initial dose of polydextrose 
administered was 40 dday, which was increased by an additional IO dday up to a maximum 
dose of 130 dday. The dose of polydextrose was not reported in gikg body weighuday; however, 
assuming an average body weight of 60 kg, the initial and maximum doses are calculated to have 
been 0.67 and 2.17 gikg body weighuday, respectively. Subjects consumed polydextrose until 
one of the following three conditions occurred: subject tolerance was exceeded; a laxation 
endpoint was reached or the predefined maximum dose was administered. Mean maximum doses 
were analyzed using two-way analysis of variance. 

The maximum laxative-tolerated polydextrose dose varied between 50 and 130 giday and 
was reported to be dependent on body weight. The mean laxative threshold dose was determined 
to be 90 dday or 1.3 g k g  bw/day. Four subjects discontinued polydextrose intake due to 
flatulence and cramping, which occurred at the threshold dose of 90 giday. Because 70% of the 
subjects reached the laxative effect endpoint without discontinuing polydextrose intake, Flood et 
al. (2004) concluded that these subjects did not reach their maximum tolerated dose. 

The long-term effect of polydextrose on the gastrointestinal tract was investigated by 
Pfizer, Inc. in a double-blind study (Raphan 1975b). Male and female volunteers aged 12-60 
ingested either a placebo (n=13 per group) or increasing doses of polydextrose (n=38) for 12 
weeks. Placebo and polydextrose were ingested three times a day at mealtime. The dose of 
polydextrose ingested was initially 30 dday (first 5 weeks), then increased to 45 giday (weeks 6- 
8 )  and increased again to 60 dday (weeks 9- 12). The dose of polydextrose was not reported in 
gikg body weighuday; calculated to be 0.5 (weeks l-5), 0.75 (weeks 6-8) and l(weeks 9-12) gkg 
body weighuday. Throughout the study, doses were adjusted to minimize gastrointestinal 
symptoms. Mean transit time was determined biweekly. Fasting blood and urine samples were 
collected prior to initiating treatment, biweekly throughout the 12-week study and the day after 
the last dose was administered. Hematology, clinical chemistry and urinalysis parameters were 
measured. Differences in blood chemistry parameters between placebo and polydextrose 
treatment were determined using the Chi-square test, while differences in mean transit times 
were determined using the Student's t-test. 

The incidence of mild gastrointestinal disturbance (ranged from softened stool to mild 
diarrhea) was 6 (46%) and 21 (55%) in the placebo and polydextrose groups, respectively. Body 
weight gain was reduced by 0.045 kdweek. Hematology, clinical chemistry and urinalysis 
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parameters were unaffected by polydextrose ingestion. Flood et al. (2004) did not report the dose 
at which the mild gastrointestinal disturbances occurred or when this effect occurred. 

McMahon ( I  974) investigated the effect of polydextrose on blood insulin and glucose 
kinetics in Type 2 diabetics. The study design was double-blinded and subjects served as their 
own controls. Two males and eight females aged 41-67 fasted for 12 hours and then ingested, on 
successive days, a solution containing (a) 100 g glucose, (b) 100 g glucose plus 50 g 
polydextrose, (c) 50 g glucose, (d) 50 g glucose plus 50 g polydextrose or (e) 50 g polydextrose. 
Blood insulin and glucose concentrations were measured at baseline and after 0.5, 1, 1.5,2, 3,4,  
and 5 hours of glucose/polydextrose ingestion. Blood glucose parameters measured were peak 
time, peak concentration, area under the curve (AUC) and area above the baseline concentration. 
Differences between groups (a) and (b), as well as (c) and (d), were determined using the 
Student's t-test. 

Ingestion of 100 g glucose on an empty stomach prodtced the greatest side effects. 
Diarrhea occurred on 1 to 2 occasions after ingesting each of the 5 glucose/polydextrose 
solutions (the total number of occasions was 6). Polydextrose was judged to be well tolerated. 
Because Type 2 diabetics tend to be overweight (Le., greater than 60 kg), it is not possible to 
estimate the dose of polydextrose administered on a g/kg bwiday basis. Flood et al. (2004) did 
not report whether blood insulin and glucose concentrations were affected by polydextrose. 
Because glucose was not well tolerated and could have been a confounding factor, the data 
presented were not suitable for determination of a NOAEL for diarrhea. However, the results 
indicate that at the dose administered (is . ,  50 dday), polydextrose did not result in diarrhea in 
adult humans. 

Scrimshaw and Young (1977) investigated the effect of polydextrose on male and female 
healthy subjects aged 18-23 year in a double-blind metabolic study. Subjects consumed either a 
control diet (n=6) or a diet supplemented with increasing doses of polydextrose for 6 weeks 
(n=10 per group). During the first week of the study, subjects ingested 30 grams of polydextrose 
daily, followed by 40 dday during the second week and 50 g/day during weeks 3-6. The dose of 
polydextrose was not reported in gikg body weighvday; however, assuming an average body 
weight of 60 kg, the initial and maximum doses arc calculated to have been 0.5 (week l), 0.67 
(week 2) and 0.83 (weeks 3-6) g k g  body weightiday. Hematological, clinical chemistty, 
urinalysis and fecal (total nitrogen, total fat, calcium, potassium, sodium, iron, zinc and water 
content) parameters were measured in all subjects. Nutrient balance was assessed by comparison 
of mean urine and fecal calcium, sodium, potassium, iron, nitrogen and zinc to dietary intake 
levels. Differences among groups were determined using analysis of covariance statistical test. 

Two subjects (one control and one polydextrose) experienced diarrhea for two days only. 
All subjects administered polydextrose experienced increased flatulence and softer stools. 
Hematological and clinical chemistry parameters were unaffected in the subjects administered 
polydextrose. Metabolic utilization of calcium, sodium, potassium, iron, zinc and nitrogen were 
also unaffected. Flood et al. (2004) concluded that, ". ..polydextrose can be ingested and 
tolerated without any untoward metabolic and nutritional consequence in healthy adult subjects". 
Because diarrhea occurred in one subject in both the control and polydextrose groups, these data 
do not unequivocally demonstrate that polydextrose induces diarrhea in adults. Thus, at the doses 
administered (Le., up to 50 dday), polydextrose did not induce diarrhea in adult humans. 
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1 2  
(0 84-1 47) 

Weekly fecal mass (kg) 

Tomlin and Read (1988) investigated the effect of polydextrose on colonic function in 
twelve healthy male volunteers (age 20-30 years). Subjects ingested daily a solution containing 
polydextrose (30 g'day or 0.5 g/kg bw/day) for 30 days. Subjects maintained a diary of their 
bowel habits (i.e., time of defecation, form a d  consistency of stools and time of flatulence). 
Gastrointestinal transit time was measured after subjects ingested a small radio-opaque plastic 
marker followed by stool collection. The weights of the collected stools were recorded. A 10-day 
control period prior to polydextrose ingestion was also included. Table 30 presents the effect of 
polydextrose on weekly fecal mass, stool transit time, stool frequency and stool consistency (i.e., 
softness). Stool transit time, and stool frequency were unaffected by polydextrose. Weekly fecal 
mass was slightly increased (0.02%), while stool consistency was softer during ingestion of 
polydextrose. Although the weekly fecal mass was statistically significant, the increase was 
small. The softer stools indicate that polydextrose produced a laxative effect. Although Tomlin 
and Read (1988) did not mention the occurrence of diarrhea, the method of data collection (i.e., 
diary of bowel habits) would have detected the occurrence of diarrhea if it had occurred. Thus, it 
is apparent that diarrhea did not occur in this study at the dose of polydextrose administered (i.e., 
30 glday). 

Table30. Colonic Function in Adult Human Subjects Following 
PDX Ingestion 

122" 
(1 07-1 97) 

Parameter I Control Penod I PDX(30glday) I/ 

7 6  
(6 4-86) 

Stool frequency (perweek) 7 7  
(6 3-10 0) 

(47 1-740) 
53 9 

(49 2-69 6) 
Stool transit time (hr) 

I I II 5 1  4 6* 
(4 4-57) (3 6-4 9) 

Stool consistency 

I Values are mean (range), kg=kilograms, hr=hour. *Signlflcanlly different 
from control (p<O 05) 
Source Tomlin and Read (1988) I 

Beer (1989) conducted a double-blind, randomized study in which 24 fasted males aged 
21-32 consumed 0, 1,2, 3 and 4 candy bars supplemented with 14.4 g polydextrosehar. The 
total dose of polydextrose was 57.6 g or 0.82 g/kg body weight assuming an average body 
weight of 70 kg for males. Breath samples were collected and analyzed for hydrogen before, 
during (after ingesting each bar successively) and 8 hours after ingesting control or polydextrose 
containing candy bars. Lactulose ( I O  g in 15 ml) was ingested by all subjects prior to 
consumption of candy bars to establish a baseline of breath hydrogen release. Time- and product- 
dependent differences in breath hydrogen release were determined using two-way analysis of 
variance. Differences in the reporting of subjective symptoms that occurred at the time of peak 
breath hydrogen release were determined using Chi-square analysis. 
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Breath hydrogen release increased maximally 180 minutes after ingesting 2, 3 or 4 bars 
containing polydextrose. Breath hydrogen release was unaffected in subjects that ingested only 
one polydextrose bar. Increased flatulence occurred after ingesting 4 bars supplemented with 
polydextrose. Diarrhea did not occur in subjects that consumed bars supplemented with 
polydextrose. No additional information regarding this study was reported by Flood et al. (2004). 
Although, increase in breath hydrogen and flatulence may not support the prebiotic action of 
polydextrose, the investigators did mt provide the details on magnitude of increase in breath 
hydrogen or flatulence. The results indicate that at the dose administered (57.6 g/day), 
polydextrose does not elicit a diarrhetic effect in adult humans. 

Curtis (1991) performed a double-blind, two-way crossover study in which 200 females 
aged 19-50 ingested candy bars containing either (1) polydextrose plus caprenin, (2) a 
conventional sweetener plus fat or (3) conventional sweetener plus caprenin. Eight groups of 
subjects ingested 1 , 2 , 3  or 4 candy bars, each containing (1) 10.1 g polydextrose plus caprenin 
or (2) conventional sweetener plus fat (Le., control). Symptoms were recorded over a three-day 
period, after which the procedure was repeated with the crossover diet. A ninth group of subjects 
ingested (3) caprenin plus conventional sweetener. Over the three-day observation period, 
subjects filled out a questionnaire that evaluated gastrointestinal symptoms (i.e., gadwind, 
bloating, heartburn, overall feeling, belching, crampingiabdominal g s ,  nausea, urgency and 
diarrhea). Differences in gastrointestinal symptoms after ingesting the various diets were 
determined by analysis of variance. 

In subjects that ingested three or fewer bars that contained polydextrose, only flatulence 
was increased compared to control. In subjects that ingested four polydextrose bars (total dose of 
40.4 g or 0.8 gikg bw), flatulence, bloating and urgency (but not diarrhea) were increased above 
control. The incidence of other gastrointestinal symptoms (Le., belching, loose stools or diarrhea) 
were unaffected by polydextrose. Caprenin had no effect on gastrointestinal symptoms. The 
results indicate that at the dose administered (40 dday), polydextrose did not induce diarrhea in 
adult humans. 

Nakagawa et al. (1990) investigated the effect of polydextrose on the frequency and 
feeling of defecation in 22 healthy female volunteers. Subjects drank a solution of polydextrose 
(0, 5 ,7  or I O  dday) for five successive days weekly (total number of weeks was not given in the 
abstract). Although soft stools were observed in subjects that drank 7 or I O  dday polydextrose, 
the frequency and feeling of defecation were unaffected by ingesting polydextrose at these doses. 
The results indicate that polydextrose at the dose administered (i.e., up to 10 dday) did not 
induce a diarrhea in adult humans. 

Liu et al. (1994) investigated the effect of polydextrose on constipation in 50 young 
volunteers (gender and age not reported). Subjects consumed 10 g/day polydextrose daily for 18 
days. Defecation status was recorded for 14 days prior to polydextrose administration and during 
the 18 days of polydextrose ingestion. Polydextrose was reported to improve constipation as 
measured by the frequency of no bowel or partial bowel movement. Liu et al., did not report any 
other effect in subjects that ingested polydextrose. Because diarrhea did not occur and only one 
low dose was administered, the data were not used for determination of a NOAEL for diarrhea. 

Zhong et al. (1998) investigated the effect of polydextrose on bowel function in 90 
healthy volunteers (gender, age not given). Subjects ingested 8- 12 grams of polydextrose daily 
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for 30 consecutive days. Bowel frequency, ease of defecation and fecal pH were recorded, and 
short chain fatty acids and fecal microbiota were measured. An increase in the ease of 
defecation, softening of the feces, increased stool amount and decrease of fecal pH were 
observed in polydextrose-treated subjects. Acetic, butyric and iso-butyric acids were increased 
after ingesting polydextrose. Lactic acid producing bacteria (i e. ,  B$dobacterium, Lactobacillus) 
were increased while pathogenic bacteria were suppressed. 

b. Children 
Flood et al. (2004) described a tolerance study in children conducted by Bunde (1975) 

One hundred and eight children aged 2-16 were divided into a placebo (sucrose and 
maltodextrin) or treated group (increasing doses of polydextrose). The children were classified 
into five age groups that included 2-3 years (n=l I), 4-6 years (n=l l), 7-9 years ( ~ 1 2 ) ,  10-12 
years (1~12)  and 13-16 years ( ~ 1 2 ) .  The dose of polydextrose during the first week of 
treatment was 0.5 g k g  bw/day, which was increased to 0.75 k bw/day during the 2"d week, 

was administered as a sugar substitute at breakfast in a beverage mix; in a beverage mix at lunch, 
and in ice cream during the evening. Blood and urine were collected on treatment days 0, 14 and 
28 for children aged 2-6 years and on day -7,0, 14 and 28 for the older children. Frequency of 
bowel movement, loose stools, flatulence, diarrhea, soft stools and constipation were recorded 
for children administered the placebo or polydextrose. Differences in the frequency of these 
gastrointestinal changes were analyzed statistically using the Fisher Exact test. Differences in 
blood chemistry parameters were analyzed using the Chi-square test. 

and increased again to 1.0 g/kg bwldayduring the third and 4 w g  weeks oftreatment. Polydextrose 

Two children (one placebo and one treatment) did not complete the study for reasons that 
were not related to treatment. Diarrhea did not occur in the placebo group, while diarrhea was 
experienced in the polydextrose-treated group. There were a total of 36 episodes of diarrhea out 
of 1,596 treatment days. Frequency of diarrhea was greatest in 2-3 year OH children (16 episodes 
of diarrhea out of 308 treatment days or 6 subjects out of 1 1). Table 3 1 presents the number of 
individual episodes that occurred at the highest dose administered. All cases of diarrhea were 
isolated and transient; occurring on a single day and disappearing spontaneously, despite 
continued polydextrose treatment. Flatulence was the only side effect that persisted for more than 
two days. Blood and urine chemistries were normal in all subjects. 

Because episodes of diarrhea were transient, it is possible, but not likely, that factors 
other than polydextrose, such as lactose intolerance, intolerance to consumption of other foods 
and ingestion of certain medications, contributed to the isolated cases of diarrhea. Flood et al. 
(2004) concluded, "on a unit-weight basis, children are no more sensitive to low digestible 
carbohydrates than are adults," which our analysis also supports. Our analysis also indicates that 
the diarrhea-inducing effect of polydextrose occurs in children when the dose exceeds 
1 &g bw/day. Therefore, the NOAEL for diarrhea induced by polydextrose in children is 
determined to be 1 gkg bw/day. 
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Age 
(yean) 

2-3 

4-6 

7-9 

10-12 

13-16 

T a b l e 3 l .  Effect of PDX on Diarrhea in Children 

Highest Dose Diarrhea 
(glday) Episodes' 

11 10-15 4 

11 10-20 1 

12 15-30 1 

12 15-40 4 

12 20-55 1 

'Individual daily transient episodes (not number of subjects). no 
chronic diarrhea reported 
Source Flood et al (2004) 

c. Infants 

MJ conducted a study (Ziegler et al. 2007) in which polydextrose was given to infants, 
along with other prebiotic ingredients, as a component of their formula. As this study included 
other prebiotics in addition to polydextrose, it is described in detail in the first volume of this 
submission rather than in this volume devoted to polydextrose. In a double-blind, randomized, 
controlled, parallekgroup design, healthy newborn infants were evaluated for growth from 14 to 
120 days of age while receiving either control formula or formula containing either 2 glL of 
polydextrose (90th percentile intake at 0.4 g/kg/bw/day) and 2 g/L of galactooli osaccharide 

at 0.8 g/kg/bw/day), 2.7 g/L of GOS (90th percentile intake at 0.54 g/kg/bw/day), and 1.3 g/L of 
lactulose. There were no signficant differences among the three groups in growth as measured by 
weight, length, or head circumferance. The infants receiving the formula containing prebiotics 
had softer and looser stools, more typical of breast-fed than formula-fed infants, an expected 
difference that is regarded as beneficial. The prebiotic-fed infants were not significantly more 
likely to experience diarrhea or other severe adverse effects attributable to the prebiotic. 

Good 

6. Summary of Clinical Safety Studies 

have been investigated in numerous clinical studies of children and adults and one published 
study of infants. The studies demonstrated that polydextrose does not adversely affect serum 
lipid concentration or glucose absorption. To the contrary, the reduction in serum lipid 
concentration observed after polydextrose ingestion might he regarded as a health benefit effect. 
The lack of any effect on glucose absorption by polydextrose is in agreement with animal studies 
in which it was demonstrated that polydextrose does not interfere with nutrient absorption. 
Because hematological, clinical chemistry and urinalysis parameters are normal in individuals 
that ingested up to SO dday (Le., 0.83 g/kg bwiday) polydextrose, the data indicates that 
polydextrose is nomtoxic at this level. 

(GOS) (90th percentile intake at 0.4 gkghwlday), or 4 g/L of polydextrose (90 ,?I percentile intake 

The effects of polydextrose on serum lipid concentration, nutrient absorption and diarrhea 
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The potential association of high intake levels of polydextrose and diarrhea induction 
requires careful examination because (1) diarrhea was the only adverse effect observed in 
experimental animal studies (i.e., dogs and rats) fed polydextrose; and (2) infants are known to 
be susceptible to dehydration and reduced nutrient intake under certain diarrhetk conditions 
(Finberg 1972). The data indicate that treatment-related diarrhea does not occur at a dose of 1 
g/kg bw/day (highest dose tested) or below in adults. Laxation is reported to occur at doses at or 
above 0.5 g/kg bw/day, however, laxation is not considered an adverse effect. Based on the 
results o f a  double blind, randomized clinical trial in infants (Ziegler et al. 2007), 
supplementation of formula witha prebiotic mixture including 4 g/L of polydextrose (double the 
intended addition rate) resulted in normal growtband softer, looser stools. This is certainly 
within the normal laxation range for infants and actually closer to the values typically reported 
for breast fed infants. In measures ofboth 24 hour parental recall and rates of study 
discortinuation, diarrhea was not significantly higher in the infants receiving the prebiotic 
formula, even at the higher (8 g/L) supplementation level. 
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IV. Safety Assessment/GRAS Determination 

A. Safety of PDX 

safety assessment procedures, were critically evaluated for the determination of whether the 
proposed use of polydextrose is safe, and GRAS, for human consumption from infant formula. 
Mead Johnson & Co. USA proposes to use Litessem Two as an ingredient added to infant 
formula at the maximum intended addition level of 2.5 g/liter (equivalent to 2 g/L of PDX). A 
conservative estimate (Le., 90fh percentile intake during the highest period of formula 
consumption) of polydextrose consumption from its proposed use in infant formula for males 
and females is 0.4 g k g  bw/day. 

In this GRAS determination, published ADME, preclinical and clinical studies, as well as 

Experimental data from ADME studies indicate that polydextrose is not stored within 
tissues, but rather is completely excreted in feces (-60%), expired air (-30%) and urine. Only a 
minor amount (approximately 12% in rats) of polydextrose is metabolized by gastrointestinal 
mammalian enzymes within the small intestine. Within the large intestine, polydextrose is 
subjected to bacterial degradation to C02 and volatile short-chain fatty acids, thus providing a 
prebiotic effect. Because polydextrose contains large molecular weight polymers of randomly 
joined glucose, a significant portion (-60%) of an orally ingested dose of polydextrose is 
excreted in the feces unaltered by either mammalian digestive enzymes or bacterial fermentation 
processes. The elimination and excretion of polydextrose occurs within hours of administration, 
with a half life of less than 30 minutes. Because polydextrose is rapidly excreted unchanged or 
as C02, an innocuous end product, this metabolic profile indicates that polydextrose is unlikely 
to elicit an adverse biological effect. 

The effect of polydextrose on the gastrointestinal tract has been extensively investigated. 
Polydextrose has been found to have effects on the gastrointestinal system that are regarded as 
beneficial, including increased calcium absorption and accelerated neonatal GI maturation. 
Gastrointestinal tract maturation is of particular importance because it prevents pathogens from 
colonizing, thus polydextrose may have a protective effect to the gastrointestinal system in 
infants. Polydextrose does not interfere with normal gastrointestinal transport mechanisms or 
absorption of glucose, minerals or lipids. Polydextrose also does not adversely affect microbiota 
of the lower gastrointestinal tract. Collectively, the data indicate that ingestion of polydextrose 
up to 1 gkgiday, more than double the 90th percentile intake estimated to result from its intended 
use in MJ infant formula, does not adversely affect gastrointestinal function. 

Numerous published preclinical safety studies (acute, subchronic, chronic, 
carcinogenicity and reproductive/developmental) have been performed to determine whether oral 
administration of polydextrose elicits an adverse effect in vivo. Under acute oral exposure 
conditions, exceedingly high doses (i.e., >18 g k g  bwlday) of polydextrose are required to elicit 
an adverse effect, thus, polydextrose is of low toxic potential. Data from subchronic and chronic 
safety studies in rats and dogs indicate that the only consistent and appreciable biological effect 
resulting from ingestion of polydextrose (acidic form) at doses that are equal to or exceed 
14 g k g  bwiday is loose to watery stools. In a sensitive species, such as the dog, chronic diarrhea 
(i.e., persistent over many months to years), can lead to nephrotoxicity. However, nephrotoxicity, 
or any other adverse effect, is absent in dogs chronically fed polydextrose (acidic form) at a dose 
of 7 g k g  bwiday. Data from rodent carcinogenicity studies indicate that polydextrose is nom 

91 

On0341 



338 

carcinogenic, nowreproductive toxic and nowteratogenic. Importantly, it was repeatedly 
demonstrated that polydextrose does not adversely affect growth in rat pups, as shown in 
Segment I11 neonatal and multkgeneration rodent studies. Neonatal rats and mice received 
polydextrose in the carcinogenicity studies as well as the multkgeneration reproductive/ 
developmental study and no adverse effects were reported for these animak of developmental 
stages analogous to human infants. 

The preclinical safety studies demonstrate that the only biological effect that could be of 
concern for the infant ingesting polydextrose (acidic form) is diarrhea. In both experimental 
animals and humans, large doses of polydextrose (acidic form) were required to elicit a diarrhetic 
response that is associated with any adverse effect. In experimental animals, 14 g/kg bwidayof 
polydextrose (acidic form), or greater, was required to induce diarrhea. Diarrhea was not 
observed in adults and children administered polydextrose up to 1 gikg bw/day. This no-effect 
dose (Le., 1 g k g  bw/day) for humans is well in excess of the amount of polydextrose that will be 
consumed from its proposed use at a concentration of 2 g/L. (Le., 0.4 g/kg bw/day) for males and 
females. 

The results of a recently published double blind, randomized, prospective clinical trial in 
which infants were fed mixtures of polydextrose, galactooligosaccharides, and lactulose for four 
months corroborate other published findings demonstrating the safety of polydextrose (Ziegler, 
et al. 2007). Infants consuming formula supplemented at the highest level of PDX (2X MJN 
intended addition level) resulted in normal growth and a laxation pattern characterized by softer, 
looser stools. This is certainly within the normal laxation range for infants and actually closer to 
the values typically reported for breast fed infants. In measures of both 24 hour parental recall 
and rates of study discontinuation, diarrhea was not significantly higher in the infants receiving 
the prebiotic formula. 

Based on the long history of use, complete and rapid elimination from the body, lack of 
any adverse effect observed in preclinical safety studies (including those studies that included 
neonatal animals), lack of an adverse effect on neonatal growth, no interference with nutrient 
absorption, no detrimental effect on gastrointestinal microbiota and an expected 90th percentile 
dose (0.4 g k g  bw/day) that is well below the diarrka inducing dose (>I &g bw/day); the 
proposed use of Litessea Two in infant formula at a level of 2.5 g/liter (equivalent to 2 g L  of 
PDX) of formula is considered safe. 

B. General Recognition of the Safety of PDX 

scientific procedures set forth under 21 CFR 170.30(b). Furthermore, because this safety 
assessment satisfies the common knowledge requirement of a GRAS determination, this intended 
use can be considered GRAS. 

The proposed use and use level of polydextrose has been determined to be safe through 

Determination of the safety and GRAS status of polydextrose for direct addition to infant 
formula at a level not exceeding 4 g/L (twice the intended level of 2 g/L) was made through the 
deliberations of an Expert Panel consisting of Dennis M. Bier, M.D, Michael P. Doyle, Ph.D., 
George C. Fahey, Ph.D., Glenn R. Gibson, Ph.D., Berthold V. Koletzko, M.D., Robert A. 
Rastall, Ph.D., and John A. Thomas, Ph.D. These individuals are qualified by scientific training 
and experience to evaluate the safety of food and food ingredients. These experts have carefully 
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reviewed and evaluated the publicly available information summarized in this document, and 
have concluded: 

Ingestion ofpolydextrosefrom the proposed use results in an intake of 
polydextrose by infants that remains within safe limits established by published 
animal and human studies and the history of safe use ofpolydextrose. Danisco s 
polydextrose products have been suflciently characterized to ensure that they are 
food-grade products No evidence exists in the available information on polydextrose 
that demonstrates, or suggests reasonable grounds to suspect, a hazard to infants 
whenpolydextrose is added as a dietary ingredient to infant formula at a level of up 
to 4 g/L. 

It is their opinion that other qualified and competent scientists reviewing the same 
publicly available data would reach the same scientific conclusion. The Expert Panel thus 
determined that polydextrose is safe and GRAS for addition to infant formula at up to 4 g L ,  with 
or without combination with other prebiotic ingredients. 

Relying on the opinion of the Expert Panel, along with more recent information (such as 
Ziegler et al. (2007) that was not available to the Expert Panel, MJ concludes that LitesseB Two 
are safe and GRAS for it’s intended use as a dietary ingredient to be added to infant formula, 
along with galactooligosaccharides, at a level not to exceed 2.5 giL (equivalent to 2 g/L of PDX). 
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CONCLUSION OF THE EXPERT PANEL: 
GENERALLY RECOGNIZED AS SAFE ( G U S )  

DETERMEVATION FOR THE USE OF 
POLYDEXTROSE AS A PREBIOTIC 

INGREDIENT IN INFANT FORMULA 

We, the members of the Expert Panel, have individually and collectively critically evaluated the 
publicly available information on polydextrose summarized in a monograph prepared by the 
Burdock Group, as well as other material deemed appropriate or necessary. Our evaluation 
included review of the starting materials and methods of manufacture of polydextrose; in vrtro, 
animal, and human studies of the prebiotic effect and safety of polydextrose; and the safety of 
consumption ofpolydextrose by infants in a blend of prebiotic ingredients added to lnfant 
formula at the level anticipated by Mead Johnson’s intended use. Our summary and conclusion 
resulting from this critical evaluation are presented below. 

The substance that is the subject of this generally recognized as safe ( G U S )  determination 
is polydextrose, an odorless white to light cream amorphous powder that is a polymer of 
randomly bonded glucose units with sorbitol end groups and citric acid attached to the 
polymer by mono- and diester bonds. 

The molecular weight ofpolydextrose ranges between 250 and 18,000 Dalton with an 
average of about 1,500 Dalton. The average degree of polymerization @P) is about 12; 
approximately 90% of polydextrose polymers have a DP 530; while 30% have a DP 54. 

Polydextrose is prepared by the vacuum-melt condensation method, in which powdered 
glucose or a glucose-containing material such as hydrolyzed starch is heated under vacuum at 
150 to 160°C in the presence of a poly01 such as sorbitol and low levels of a polycarboxylic 
acid such as citric acid. The product may be purified using ion exchange, membrane 
filtration, or carbon treatment. Food-grade polydextrose meeting ECFA and Food Chemicals 
Codex specifications is available in powdered form or as an aqueous solution. 

Multiple lots of Danisco Sweeteners’ polydextrose products have been analyzed to 
demonstrate that they consistently meet the physical, chemical, and microbiological 
specifications that have been established to ensure food-grade material. The powdered form 
of polydextrose has a shelf life of up to 24 months. The shelflife of aqueous solutions is up 
to 4 months at ambient temperature or up to 6 months if refrigerated. Polydextrose is also 
stable when subjected to an acidic environment and high temperature. 

Because of the random glucose-glucose and diester bonds, polydextrose is more resistant to 
enzyme or acid hydrolysis than other glucose polymers such as in soluble starch and reaches 
the colon largely intact, were it is fermentable by the microflora. 
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MJN intends to add polydextrose to dc-based infant formula at a level not to exceed 4 g/L. 
This addition may be as one component of a blend of GRAS prebiotic ingredients; the total 
addition level of any such blend will not exceed 8 g L  of prebiotics. 

The estimated mean dmly intake of polydextrose i7om this use is 0.7 gkg bw; the estimated 
90Lh and 97.5’percentiles are 0.8 g/kg bw and 0.9 g/kg bw, respectively Since there are no 
other sources of polydextrose in the diets of formula-fed infants, this represents the estimated 
total daily intake of polydextrose by this population. 

e The Food and Drug Administration (FDA) approved polydextrose in I981 as a direct food 
additive. Polydextrose is used to replace sugars and as a partial replacement for fat in 
desserts, confections, chewing gum, baked goods, instant puddings, jams, toppings and 
frostings, cereal bars, b a k q  fillings, fruit spreads, salad dressings, cakes and frozen dairy 
desserts. In 2000, amendments provided for the use of polydextrose as. a bulking agent, 
texturizer, or b o d  in table spreads and as a bulking agent or texturizer in Guit and water ices. 
Polydextrose is also used as an excipient and as a binder in pharmaceutical formulations. 
Polydextrose is approved for food use in the European Union and in Japan, China, and other 
countries in Asia and Latin America. 

In 1981, JECFA evaluated the use of polydextrose in food and established an acceptable 
duly intake (AM) of 70 mflg bw/day. In 1987, JECFA re-evaluated polydextrose and 
revised the AD1 to ‘Not Specified,” a designation used for food ingredients that have been 
determined to be of very low toxicity, and for which the total dietary intake resulting from its 
use does not represent a health hazard to humans. 

The published scientific literature through June 2004 was searched and reviewed. Based on 
the tota!ity of the evidence found in the published scientific literature, the Expert Panel found 
that 

o The absorption, distribution, metabolism, and excretion of polydextrose have been 
extensively studied in animals and humans. Only a minor amount of polydextrose is 
digested or absorbed; it is not stored within tissues but is rapidly excreted. 

Investigations in experimental animals of the effects of polydextrose on the 
gastrointestinal tract indicates that these effects are generally beneficial, including 
increased calcium absorption and neonatal maturation 

o The safety of polydextrose has been studied in vitro and m vivo in mice, rats, dogs, 
and monkeys. Research has included acute, subchronic, chronic, multi-generational 
developmental and reproductive, carcinogenicity, and genetic toxicity studies. 
Polydextrose does not exhibit any type of toxicity or any gastrointestinal effect other 
than loose stools at chronic i n ~ e s  as high as 14 g k g  bwlday. Chronic ingestion of 
7 gkg bw/day of polydextrose is without any observable adverse effect in 
experimental animals or in humans. 

Based on numerous clinical studies in children and adults, polydextrose is not toxic in 
adults at levels of consumption as high as 50 giday. No adverse effects on 
microfloral populations, nutrient absorpbon, or blood biochemistry have been shown 

* 
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from consumption of up to 1 gikgiday by human children or adults. Diarrhea IS not 
seen in children ingesting up to 1 gikg bw/day. 

In addition to the published information cited above, the Expert Panel reviewed the results of a 
recently completed and not yet published study of polydextrose in human infants. These results, 
which corroborate the demonstration of safety provided by the published literature, were 
obtained in a randomized, double-blind, placebo controlled trial in which infants consumed one 
of three formulas between day 14 and day 120 of life. The control formula was Enfamil@ 
LIPILQ wth Iron; the test formulas were the control formula supplemented with 4 g/L  of a 
5050 blend of polydextrose and galactooligosaccha~ides or the control formula supplemented 
with 8 giL of a 50:33: 17 blend of polydextrose, galactooligosaccharides, and lactulose. While 
there was some evidence that 8 giL may represent a tolerance limit for some infants, neither test 
formula resulted in any adverse effect on growth or any observed safety-related events. 
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Conclusion 
We, the m2dasimed members of the Expnt Panel, have individually and collectively critically 
eva~uated the miterials sllmmarized above and conclude that: 

Ingestion of pOIydextrose h m  the proposed uses results in a level of intake 
thaf remains within safe limits established by extensive published animal and 
human studies. Polydextrose has been sufsciently characterized to ensure that 
it is a food-grade product Therefore, plydextrose meeting the specifications 
dRscribed in the Food Chemicals Codex is safe wben added to milk-based 
infant formulas at up to 4 gfL as a component of a blend of prebiotic 
ingredients. 

It is also the Ekpert Panel's opinion that other qualified and competent scientists reviewing the 
same publicly available i n f o d o n  would reach the same conclusion. Therefare, polyaextrose 
is safe, and is GRAS via scientific procedmes, when added to milk-based infaut formulas at up to 
4 pn. 

Dennis M. Bier, M.D. 
Baylor College of Medicine 
Rouslm Texas 'USA 
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