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Opinion On Microcrystaline Cellulose
(expressed on 19th September 1997)

Terms of reference

To re-evaluate the safety in use of microcrystalline cellulose (MC) in the light of additional information received with
 respect to its general uses as set out in Directive EEC/95/3 on food additives other than colours and sweeteners.

Background

The Committee established in 1978 an ADI "not specified" for MC (1) but expressed a wish to be kept informed of any
 ongoing work to elucidate the problem of the persorption of ingested particulates which had been raised in connection
 with the safety assessment of MC. In 1990, the Committee agreed that the use of MC as an additive in weaning foods
 and gluten-free cereal based weaning foods was acceptable (2). In 1993 the Committee reconsidered microcrystalline
 cellulose in the light of the request to use material of particle size below 5µm in infant formula (3). The Committee
 remained concerned about the possibility of increased persorption in infants, considering the immaturity of the gut
 mucosa at that age, and its altered absorptive capacity in babies suffering from bowel disease, and withdrew its earlier
 acceptance of the use of microcrystalline cellulose in gluten-free weaning foods. It was unable to give any view on the
 safety of microcrystalline cellulose of particle size below 5µm as no toxicity data relevant to such material had been
 submitted. At that time the Committee also commented that a limit of 5µm should be introduced into the specification
 to ensure that only microcrystalline cellulose for which adequate toxicity data existed be permitted for food use. Further
 information has since been submitted and is considered here.

New information submitted

The new information on biochemistry included a study on 3 types of cellulose, administered orally to rats at 5% in their
 diet, which used glucose generation in vitro and in vivo as indicator of the digestibility of the celluloses tested. MC was
 found to be the least digestible of the 3 celluloses examined (4). Furthermore, a recent study in rats on the
 determination of the available energy from ingested MC and other incompletely digested carbohydrates was also
 supplied (45).

The earlier results of acute toxicity, irritancy and sensitisation studies were resubmitted (5-13) together with some recent
 similar studies on another MC preparation (47-52, 62, 64).

Genotoxicity was examined in several mutagenicity tests using different genetic endpoints. Three bacterial microsomal
 reversion tests, using Salmonella typhimurium strains TA 98, TA 100, TA 1535, TA 1537 and TA 1538 with MC
 suspended in DSMO +/- S9 mix, produced no increase in revertants at doses up to 5000 µg/plate (14,15,53). Forward
 gene mutation tests in cultured L5178Y mouse lymphoma cells did not show any increase in mutants over a dose range
 of 100 - 1000 µg/ml (16,54). MC did not induce any unscheduled DNA synthesis in cultured primary hepatocytes up to
 doses of 1000 µg/ml. Some insolubility was noted with doses >5 µg/ml (17). Several in vivo micronucleus tests in mice
 showed no increase in micronuclei induced by MC doses up to 5000 mg/kg b.w. (18,55,56). MC was thus found to be
 non-genotoxic in a series of adequately performed mutagenicity tests using different genetic endpoints.

A recent study on subacute toxicity has also become available. A 28-day gavage study in Sprague-Dawley rats used
 doses of 1000, 2000, 3000, 4000 and 5000 mg/kg b.w./day in groups of 5 animals/sex. No adverse toxicological effects
 occurred at any of the dose levels tested. No persorbed particles of MC were detected in the gut or in the Peyers'
 patches at the highest dose level tested. The administered MC had a median particle size of 6 µm and contained 28% of
 particles of size <5 µm (19).
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Several new subchronic toxicity studies in Sprague-Dawley rats were also submitted.(63). One of these was a 90-day
 feeding study using 25000 mg/kg feed and 50000 mg/kg feed of MC in the diet of the test animals. No adverse effects
 on body weight gain, haematological and clinical chemical parameters, organ weights of 6 major organs and the
 histopathology of 26 tissues including the GI tract, ileal lymphnodes and Peyers' patches were noted. Inconsistent
 increases in food consumption occurred in both test groups. The NOAEL was 50000 mg/kg feed in the diet or
 approximately 4000 mg/kg b.w. as actually measured. The MC tested had a median particle size of 21 µm but contained
 only 1% of material of a particle size <5 µm (20).

Another 90-day feeding study used 5% and 10% of MC in the diet. No adverse effects were noted on body weight gain,
 clinical chemical and haematological parameters, organ weights of 6 major organs and the histopathology of 33 tissues.
 Food consumption was increased dose-dependently. The NOAEL was 10% or approximately 6000 mg/kg b.w. as
 actually measured. The MC tested had a mean particle size of 32 µm but contained only 1% of material of a particle
 size <5 µm (21).

A further 90-day study used administration of MC by gavage and doses of 500 mg, 2500 mg and 5000 mg/kg b.w./day.
 No significant adverse effects were produced on survival, body weight gain, haematological and clinical chemical
 parameters, organ weights of 5 major organs, and the histopathology of 33 tissues. Only the high dose males showed
 reduced body weight gain, most probably the result of a nutritional effect. No specific pathological lesions were
 reported in spleen, gut wall and gut-associated lymphoid tissue (GALT). The NOAEL was 5000 mg/kg b.w./day. The
 MC tested had a median particle size of 6 µm and contained 28% of material of particle size <5 µm (22).

In a six months study groups of random bred rats of both sexes received either a control diet or a diet with 330 ppm of
 MC. At the end of this time six rats in each group were killed, their organs examined and tissues examined
 histopathologically. No adverse effects were observed (57).

Teratogenicity was examined in 2 studies using Sprague-Dawley rats. In one study MC was fed at doses of 25000
 mg/kg feed and 50000 mg/kg feed in the diet from day 6-15 of gestation. No treatment-related adverse effects were
 noted on pregnancy, parturition and litter parameters. The NOAEL was 4410 mg/kg b.w. as determined from food
 consumption. The MC tested had a median particle size of 21 µm and only 1% of the material were particles of size <5
 µm (23). The second study used 25000 mg/kg feed and 50000 mg/kg feed of another MC product in the feed from day
 6-15 of gestation. No treatment-related adverse effects were seen on pregnancy, parturition and litter parameters. The
 NOAEL was 4589 mg/kg b.w. as determined from actual food consumption. The MC tested had a mean particle size of
 32 µm and contained only 1% of material of particle size <5 µm (24).

The effects of cellulose fibre on tumour growth were investigated again by feeding artificial diets containing varied
 concentrations of either wheat bran or pure cellulose fibre to female F344 rats treated with i.v. 40 mg/kg b.w. N-
nitrosomethylurea to induce mammary tumours. The wheat bran diet appeared to possess anti-promotion properties not
 observed with pure cellulose. The concentrations of serum oestrogens, urinary oestrogens and faecal oestrogens did not
 vary in a consistent, statistically significant manner (58).

The human clinical studies on various ingested MCs submitted were all concerned with changes of gastrointestinal
 function and nutrient balance and examined essentially faecal output, faecal composition, effects on blood
 biochemistry, the digestibility of the major nutrients and the bioavailability of essential micronutrients. Up to 30 g
 MC/day in the diet had no adverse effect on the function of the gastrointestinal tract, on haematological and on clinical
 chemical parameters except for the production of an increased faecal output (25, 35-39). These findings were
 supplemented by recent metabolic studies with MC (46) and with various cellulosic fibres (59, 60, 65-67).

Persorption aspects

Since the early publications in the 1960s on the persorption of ingested particulates and on the demonstration of their
 presence in the circulating blood stream, further research has been carried out which confirmed, that MC particles
 ranging in size from 5-150 µm could be persorbed and detected in venous blood samples taken 1-2 hours after ingestion
 by rats, dogs, minipigs and in 1 human volunteer (26-28).
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Further experiments, using i.v. administration to rats, showed some effects on haematology and renal function. MC
 particles could be identified in various tissues but these studies were of little relevance for assessing the biological
 significance of persorption following ingestion. However, a combined one generation reproduction/chronic toxicity
 study in rats, in which the F1 generation was fed MC containing 90% of particles of size <20µm at 0, 3%, 10%, and
 20% in their diet for two years, showed no adverse effects on litter parameters except some growth depression of the F1
 weanlings at the top dose during the early growth phase only. Food consumption was increased in all MC-treated rats.
 After 12 months, MC particles were said to be detected in some organs and no microemboli were identified (Summary
 report only available). Reports of some impairment of renal function without any associated histopathological changes
 and of some haematological changes in the highest dose group could not be confirmed in the surviving rats of the same
 study, which had been treated for a further year. (29,30). A more recent 90-day feeding study in rats, in which special
 precautions against contamination were taken, no MC particles were detected in any organ or tissue examined and no
 adverse histopathological effects were found. In particular, no kidney lesions were seen (22).

From the numerous studies reported in the literature it appears that persorption is a universal physiological process
 similar in mammals, the rat being a good model for man in this respect. Man and animals do not show accumulated
 particles in the intestines, or in the GALT, despite daily exposure to large numbers of persorbable particles in the diet
 throughout life. In recent appropriate studies, persorption has been shown to be an inefficient process. In single dose
 tests persorbed particulates are cleared from tissues within a few hours and they do not accumulate on repeated dosing
 even for several months (31). Interestingly, macrophages appear to be able to take up particles of size <2 µm while
 particles >16 µm do not appear to enter GALT (32). Some more recent studies using either biodegradable microspheres
 or other non-MC particulates confirmed uptake by GALT and systemic transfer to other tissues (40-44, 61).

Reassessment of the techniques used in the early studies on persorption also revealed the need for taking meticulous
 precautions to avoid extraneous sample contamination, which could be misinterpreted as evidence for persorption. The
 absence of these precautions in the early studies therefore makes their results difficult to interpret. This point was
 examined specifically in a gavage study in rats using polystyrene particles under appropriate experimental conditions.
 The results confirmed intestinal persorption to be a very inefficient process in adult rats as only 0.05%-0.1% of the
 ingested particles could be recovered in the Peyers' patches (33). It should also be remembered, that many naturally
 occurring particulates are ingested frequently by man throughout life without causing any apparent harm (34).

Conclusions

This opinion applies only to general food uses of MC and does not apply to use in foods specially prepared for
 infants and young children including foods for special medical purposes for the same age group.

The additional toxicological information now submitted confirms the validity of the ADI "not specified" for MC
 previously established by the Committee. There is now evidence that MC has neither genotoxic nor teratogenic
 potential in the rat.

Early studies on the intestinal persorption of MC of varying particle size suggested that MC is persorbed, particularly if
 the particle size is <5 µm. This process is however very inefficient, at least in adult animals, and does not result in
 microembolic phenomena, nor does it appear to interfere with the immune function of the GALT. Recent studies on
 persorption in several species have shown that the rat provides an adequate model for this process in man. The two-year
 feeding study in rats showed no evidence of any histopathological or functional effects ascribable to accumulation of
 MC particles in any tissue as a consequence of persorption. The available human data on particles other than MC and
 animal studies on MC and the GALT suggest, that in normal adults, exposed over a comparatively short period, the
 intestinal persorption of MC of particle size even down to at least 5 µm would be unlikely to cause any adverse
 pathology in the gut and GALT. The Committee wishes to stress that there are no data available on the existence and
 the extent of persorption in very young animals or in human infants.

As a precautionary measure however, the Committee reiterates its view of 1993 (3) that the specification of MC should
 include a restriction on the content of material of particle size <5µm, The Committee is aware that a tolerance of 10%
 by number of particles is achievable. Otherwise the Committee's views on MC remain unchanged.
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