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Abstract:

The effect of orally administered superoxide dismutase (SOD) on erthyrocyte SOD (ESOD) was
studied in healthy volunteers using a double blind, placebo controlled protocol. This study
employed Dismuzyme Plus™, a coated, copper-zinc SOD preparation from cultured non-soy
legumes. An initial experiment demonstrated that 73% of the SOD activity of Dismuzyme Plus
could be recovered after incubation in 0.5 percent pancreatin. Control subjects (n =4) received
a glucose placebo. The study group (n = 6) received 10 go;f Dismuzyme Plus. Blood samples
were collected before supplementation, and again 1, 2 and 4 hours after supplementation. ESOD
activity was then determined. The ratio of the highest ESOD activity occurring at any time after
baseline (ESOD_,,) divided by the initial level (ESOD;) was calculated for each subject. For
controls the ratio of ESOD,,,./ESOD, was 1.01; for the study group, the ratio was 1.09, a
statistically significant increase (p<.05). Possible mechanisms underlying the increase in ESOD

activity are discussed.
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INTRODUCTION

Free radicals and reactive oxygen species (ROS) are linked to a wide range of chronic diseases
and conditions, including cardiovascular disease, stroke and heart attack, neurodegenerative
diseases, cancer, autoimmune disease and chronic inflammation, cataract and macular
degeneration (1-5). Cumulative oxidative damage could impair cell and tissue function when
ROS production outstrips the ability to block ROS and to repair radical-induced damage.
Harmon proposed such a model to explain aging (6). Amgng ROS produced in the body,
superoxide represents a prevalent free radical: It is produce}d by activated phagocytic cells, as
well as by mitochondria and cytochrome P450 oxidation (7-9). Excessive superoxide and
transition metal ions could lead to the formation of hydroxyl radicals through Fenton chem‘istry.
Hydroxyl radicals avidly attack unsaturated fatty acids of membrane lipids to produce lipid
peroxides that perturb cellular function. In addition, superoxide can react with nitric oxide to

create peroxynitrite, a potent oxidant and free radical generator (10).

The defensive enzyme, superoxide dismutase (SOD), efficiently disposes of superoxide by

catalyzing its conversion to hydrogen peroxide. Three forms of SOD have been charactérized in

humans and other mammals: manganese SOD, localized in the mitochondrial matrix; copper/zinc
~SOD, associated with the cytoplasm; and extracellular copper/zinc SOD (ECSOD). ECSOD

occurs in body fluids, though this enzyme in the blood is largely bound to endothelial cell



membranes in the vasculature (11).

Recent research underscores the physiologic importance of superoxide dismutase (SOD) in
decreasing free radical damage. Induction of manganese-SOD by interleukin-1 alpha lowered
the degree of injury due to myocardial reperfusion in the rat (12). Neurons from transgenic mice
that over express copper/zinc SOD increased the survival of transplanted dopaminergic neurons
(13). Transgenic experiments with fruit flies suggested that increased levels of endogenous SOD
can minimize free radical-induced DNA damage (14). Furthermore, heparin is believed to
reduce inflammation by releasing bound ECSOD into the blood (15).

3
Several strategies to increase SOD levels have been reported. Diet can profoundly alter
endogenous SOD activity. Administering copper to copper-deficient rats raised ESOD levels
(16). Rhesus macaques fed a marginal zinc diet had lowered levels of ECSOD than animals fed
a zinc-replete diet (17). Exogenous SOD can increase antioxidant activity. For example,
injectable SOD diminished inflammation associated with colitis and rheumatoid arthritis in
humans (18). When administered topically or intravenously, SOD ameliorated tissue injury due
to superoxide produced by inflammation, lung injury due to hyperoxia and reperfusion injury in
lab animals (19, 20). SOD exhibited radioprotective effects when administered to experimental
animals (21). SOD derivatives, including infused polyethylene glycol-SOD, have been used in

hemorrhagic shock in lab animals (22).



Whether orally ingested SOD can improve antioxidant status remains an open question. Even
though pancreatic proteases, intestinal secretory IgA and tight junction integrity limit the uptake
of luminal proteins, these mechanisms do not preclude enzyme absorption by the intestine. In
principle, orally ingested SOD may be physiologically significant. Because SOD possesses an
extremely high turnover rate, even a modest increase in SOD activity could assist in restoring

antioxidant balance.

Two previous investigations of the effects of orally administered animal derived SOD on
laboratory animals reported negative results. One study detected an uptake of 10% of
radioactivity from ingested %°Zn labeled SOD isolated ﬁo;ﬁ bovine erythrocytes (23). The
radioactive species taken up by tissues were not identified. No change in the levels of SOD
activity in plasma and liver was detected in animals supplemented with crude bovine SOD for 3
days (2.3). In a second study, mice were fed a diet supplemented with crude bovine SOD
(nutritional supplement) for 7 days (24). No increase in SOD activity in kidney, liver, or intestine
was detected. Such studies demonstrate several limitations. Enteric coated bovine SOD was not
used, therefore uptake may have been limited by proteolytic degradation in the digestive tract.
Furthermore, the specific activities of health food brands of SOD are highly variable and the
specific activity such SOD preparations used in experiments is open to question unless verified
by independent analysis (unpublished observations). Finally, consumption of SOD with food
possibly diminishes its rate of absorption as compared to administration as a bolus on an empty

stomach.



To overcome these limitations, we hypothesize that the effects of oral SOD can be best evaluated
by employing coated, plant-derived SOD and assessing blood levels of SOD over time intervals
of hours rather than days. This assessment method is necessary in view of the reported rapid
clearance of exogenous SOD (25). Therefore, the present study was undertaken to examine the
effect of supplementation of SOD as Dismuzyme Plus™, a coated preparation from cultured
legumes. Initial experiments were conducted to determine the stability of SOD activity in
Dismuzyme Plus when incubated with pancreatic enzymes. The effect of Dismuzyme Plus on
the activity of erthyrocyte SOD (ESOD) was then examined using a double blind, placebo-
controlled design. As such, it represents the first report of a clinical study of orally ingested SOD

on internal SOD activity. 2

Methods and Materials.

Dismuzyme Plus™, from cultured non-soy legumes, was supplied by Biotics Research
Corporation, Houston, TX. Dismuzyme Plus contains 150 g SOD per gram, as measured
according to the method of McCord and Fridovich (26). U. S. P. grade Pancreatin was obtained

from American Laboratory, Inc., Omaha, Nebraska.

Clinical study:
Ten healthy volunteers (6 males, 4 females, ages 18-58) participated in this study. Informed
consent was obtained from all participants and the study was approved by the Research

Department of Palmer College of Chiropractic. Fasting blood samples were drawn (zero time),
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then the subjects were randomly selected to receive capsules containing either 10 g Dismuzyme
Plus Granules (study group, n = 6) or 10 g glucose (control group n = 4). Blood samples were
collected again 1, 2 and 4 hours after ingestion. Erythrocyte SOD activity was determined by

Monroe Clinical Laboratory, Southfields, New York.
Statistical Analysis

Initially statistical analysis was performed using a multivariate analysis of variance with repeated
measures, using group as the between subjects variable and time as the within subjects variable.
Then results were checked using one way analysis of Var{;ilce with group one way being the
dependent variable. The analyses were repeated using the nonparametric Wilcoxon test. P <.05

was taken as the criteria of significance.
Results:
Stability of legume SOD activity

A preliminary experiment was carried out to assess the stability of SOD activity of Dismuzyme
Plus under conditions approximating those occurring in the small intestine. Dismuzyme Plus (10
g and pancreatin (500 mg) were suspended in 50 mL of 10 mM sodium phosphate buffer, pH
7.0, and incubated with stirring at 37°C. SOD activity was measured after 45 minutes. More

than 73% of the initial activity was recovered after incubation with the mixed pancreatic
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proteases.
Clinical study

Initially the ratios of ESOD activities measured 1, 2 and 4 hours after ingestion of capsules to
zero time values were compared for control and supplemented subjects. The means for the 4
hour comparison shown in Figure 1 are representative. No significant difference between the

subjects receiving the placebo and those receiving the SOD supplement was observed.

Although none of the values exceeded the laboratory refe;é'nce range for ESOD (9-13 units/mg
hemoglobin), examination of the time course for each subject suggested that a slight increase in
ESOD activity occurred at different times among those individuals who ingested Dismuzyrile
Plus. Therefore a new variable was defined as the maximum SOD activity observed at any time
during the test period (ESOD,,,) divided by the initial ESOD (ESOD,). ESOD,,,/ESOD, for
each individual in the test group was compared with controls. Assuming a directional
hypothesis, a significant difference in the direction on this variable could be demonstrated (F(1,9
=4.05; p<.05, one tailed). AsshowninF igqre 2, the mean ESOD,,./ESOD,; for the control
group was 1.01, while this ratio for the study group supplemented with Dismuzyme Plus was
1.09. The difference represents a significant 8 percent increase in SOD activity within 4 hours of
\supplementation (p <0.5). Because the data were skewed, the results were checked using a

nonparamentric Wilcoxon test and essentially the same results were obtained.



Discussion:

The results of control experiments indicated that less than 25% of the activity was lost through
degradation by pancreatic proteases under mild conditions. These data suggests that a substantial
portion of legume SOD activity as Dismuzyme Plus could survive transit through the

gastrointestinal tract.

Anecdotal reports from physicians and veterinarians have suggested that supplemental SOD as
Dismuzyme Plus may enhance antioxidant status and reduce oxidative stress. Using a typical
level of supplementation, 10 g of Dismuzyme Plus, an h;éfease in ESOD was observed within 4
hours in the present study. The basis for the apparent short term increase in ESOD activity is not

known. An 8 percent increase in ESOD activity is equivalent to approximately 1.9 zmole ESOD

(27). The increase in SOD activity was greater than the amount ingested.

Erythrocytes do not participate in protein synthesis and the lifespan of human erythrocytes is 120

days. Consequently, the relatively rapid increase in ESOD activity was independent of de novo

synthesis. This fact would seem to rule out adaptation which is known to occur with either
oxidative stress, thyroid hormone or other factors that involve protein synthesis and require time

spans of weeks (29 ).



There are several possible explanations of the apparent stimulation of ESOD by Dismuzyme Plus
supplementation: the binding of existing SOD to erythrocytes or the activation of an apoenzyme.

In vitro experiments demonstrated that negligible ECSOD binds to erythrocytes (11). Therefore,

it seems unlikely that the binding of ECSOD to erythrocytes led to increased ESOD activity.
Recent evidences suggests that SOD is secreted by human cell lines (30). Whether this

mechanism can increase blood ESOD levels in vivo is not clear. Dismuzyme Plus is a crude

enzyme preparation and therefore contains many substances in addition to SOD, including
copper and zinc up to 10 xg per gram. If both transition metals in Dismuzyme were efficiently
absorbed, they could potentially activate SOD. Dependir;é upon copper status, exogenous
copper can activate apoenzymé SOD in rat erythrocytes within hours of supplementation (16).

ESOD in bovine erythrocytes can often be activated by additional copper in vitro (RT Coffey,

personal communication). The typical U. S. diet supplies less than Estimated Safe and Adequate
Daily Dietary Intake of copper, and the copper status for certain groups is suboptimal (31). On
the other hand, human studies in which SOD activity was lower due to copper deprivation,
recovery of SOD activity did not occur when < 2.6 mg of copper per day was supplemented for

up to 42 days (32).

Among the subjects receiving the SOD supplement, ESOD,,,,/ESOD; values occurred after 1

~ hour in one subject; after 2 hours in three subjects; and after 4 hours in the remaining two
subjects. The reason for these differences may reflect individual variation in nutrient uptake.
Several factors affect intestinal permeability and nutrient uptake, including alcohol, aspirin and
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other medications. These were not controlled in this study. Ingestion of such substances may

explain the individual variations observed.

Whatever the nature of the underlying mechanism of activation, these results suggest that 1) the
stimulation of ESOD activity may be transient, and 2) there may be a benefit in supplementing at
several different times during the day, rather than once. The present study does not rule out the
possibility that ingested plant SOD can be absorbed. The absorption of intact enzymes by the
small intestine has been amply demonstrated in the literature and orally ingested proteolytic
enzymes have long been used as effective supplements (33). Whether a sustained increase in
ESOD activity can be promoted by prolonged supplemer;t’étion with a coated, legume derived

SOD as Dismuzyme Plus remains to be determined.
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Figure Legends.

Figure 1. Comparison of ESOD activity 4 hours after supplementation with legume-derived
superoxide dismutase. Controls received a placebo (10 g glucose) and test subjects received 10 g
Dismuzyme Plus as described in Methods and Materials. Crosses denote means; boxes indicate

the interquartile range and cross bars represent 50® percentiles.

Figure 2. Comparison of maximal ESOD activity during 4 hour test period. Control subjects
received a placebo and the supplemented group received Dismuzyme Plus, as described in Figure
1. The maximal ESOD activity was divided by base line values for each subject. Symbols are as

presented in Figure 1.
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Figure 1 - Introna et al. Effect of Oral Supplementation with legume%derivéd S0D
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Figure 2 - Introna et al. Effect of Oral Supplementation with legume-derived SOD
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