IV. BIOLOGICAL STUDIES

Absorption

e e

Hydrogen peroxide in the absence of a stabilizing agent
gradually decomposes to oxygen and water. Decomposition is rapid
in the presence of catalase. Ingested hydrogen peroxide presum-
ably undergoes such degradation in the gastrointestinal tract,
leaving little of the intact compound available for absorption.
Perfusion of dog intestine with dilute hydrogen peroxide raised
significantly the oxygen saturation of blood (15). No attempt was
made to determine if the peroxide breakdown occurred before or af-
ter absorption. -

The rapid release of oxygen into the tissues and vascular
network can readily be observed after administering hydrogen perox-
jde by various routes. The characteristic whitening of the skin
after topical application has been attributed to an avascularity
produced by oxygen bubbles acting as microemboli in the tissues
and capillaries. Hauschild et al. (16) have demonstrated this re-
action in a variety of tissues including human skin, cat and dog
tongues, rat paws, and animal hearts (species not stated). When 3
or 30 percent hydrogen peroxide was applied sublingually in rab-
bits, cats, and dogs, gas bubbles rapidly appeared in the jugular
vein (17). With the higher concentration, these bubbles were ob-
served within a few seconds and in sufficient guantity to cause
pulmeonary gas embolisms. Using Hm0|Hmdemn1wwnwomms peroxide, ;
Ludewig (18) confirmed its rapid absorption after sublingual admin-
istration and the passage of liberated oxygen to the lungs. Ap-
proximately 7 percent of the oxygen theoretically available from
the administered hydrogen peroxide was detected in the expired air
within 18 minutes and 30 percent within 34 minutes. Traces of the
labeled oxygen were also detectable in the arterial blood.

Metabolism

Hydrogen peroxide is a normal product of aerobic metabo-
lism and may result from a number of oxidase-catalyzed reactions
(e.g., d-amino acid oxidase, urate oxidase, glycolate oxidase) or
by the breakdown of superoxide by superoxide dismutase. - The hydro-
gen peroxide thus formed is rapidly decomposed by tissue catalase
or peroxidase (19). Enzymes metabolizing hydrogen peroxide are lo-
calized largely in specialized vesicles or organelles, known as
peroxisomes. The peroxisomes comprise about 2 percent of the 1liv-
er volume, and are especially rich in catalase (20), which effi-
ciently and rapidly decomposes endogenous hydrogen peroxide. Sies
calculated that 1 g of rat liver produces approximately 50nM (1.7 yp
g) of hydrogen peroxzide per minute. Boveris et al. (21) arrived
a8t a higher figure for the normal production of hydrogen per-
oxide under physiological conditions: 90nM (3.1 upg) per min per g
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rUmo of Hydrogen Peroxide

TABLE II

“Animal Route Concentration mg/kg Reference
, (percent) : number
wmddwd Percutaneous a0 630 27
Pig " a0 2500 o7
Cat " a0 >4000 27
Rat (white) -~ " 90 4800 27
Rat (black) - " a0 >7500 27
Rat (white) : N.S.* © 700 28
Rabbit v 920 19 27
" 58.6 ig 27
" 36.0 10 27
" 14.4 5 27
" ‘3.6 3 29
wmﬁ IV N.S.* 21 28

*N.S8. = not stated.
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A group of weanling male Osborne~Mendel rats given a solu-
tion of 0.45 percent hydrogen peroxide to drink ad libitum for 3
weeks was compared with a similar group receiving tap water (34).
Both fluid intake and weight gain of the peroxide group were sig-
nificantly less than those of the controls. However, when fluid
intake of the control rats was limited to that of the experimental
animals, there were no significanti differences in body or organ
weights. The daily consumption of hydrogen peroxide during the
test period was approximately 500 mg per kg body weight. Three
weanling female rats. were given 0.4b percent hydrogen peroxide for
5 months, then switched to tap water and mated with normal males.
Normal litters were produced. Male rats from these litters were
then given 0.45 percent hydrogen peroxide for 9 months. The only
noticeable differencg between these rats and male littermates
receiving tap water was a decreased weight gain in the peroxide
group.

In a similar experiment, young, male Holtzman rats were
provided with solutions of 0, 0.5, 1.0, and 1.5 percent hydrogen
peroxide (approximately G, 500, 1000 and 1500 mg per kg per day)
as their source of drinking fluid for 8 weeks (35). Growth was
significantly retarded in all groups receiving hydrogen peroxide
and the degree of retardation was proportional to the peroxide
concentration. Seven of 24 rats receiving 1.5 percent hydro-

‘gen peroxide died during the course of the experiment. All sur-
viving animals in this group and 15 of 24 rats recelving 1 percent
had extensive carious lesions and pathological changes in the peri-
odontium. -Seven of 24 rats on the 0.5 percent solution also had
mild ecaries, but no periodontal changes.

In none of the experiments. described m@04m.£mm any men-—
tion made of the use of stabilizers or of other measures to pre-
vent the decomposition of hydrogen peroxide in drinking water.

.. Kawasaki et al. (36) reported no adverse effects in male
Wistar rats receiving up to 30 mg hydrogen peroxzide per kg per day
by gastric intubation. Rats given twice this dose showed signifi-
cantly decreased growth rates after 20 days and decreased hemato-
cerit, plasma protein, and plasma catalase activities after 100
days. "When the same amount of hydrogen peroxide was administered
in the feed, no harmful effects could be detected.

. Young mice were injected subcutanecusly twice daily for 2
week's with 0.1 ml of 1.5 percent hydrogen peroxide, roughly equiva-
lent to 100 mg per kg body weight per injection (31). Several ani-
mals showed brief embolic signs immediately after the injection
mmm.m 0of 30 mice died with embolic signs during the experimental
period. A few mice exhibited brief generalized convulsions. Lo-
cal subcutaneous emphysema was invariably present after injection
and small ulcers eventually developed at the injection sites in
about 25 percent of the animals.
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cancers, 3 lung adenomas, 4 leukemias, 1 ovarian tumor, 1 _
hemangiosarcoma of the liver). No tumors arose at the sites of
jnjection. Although no statistical analysis was reported, Schmidt
claimed the incidence of tumors among the injected mice was .
significantly higher than that normally observed in his colony (2

to 5 percent).

. Shamberger (45) reported no cocarcinogenic action of hy-
drogen peroxide in mouse skin initiated with 7,12 dimethylbenz(g)-
anthracene (DMBA). He applied 0.25 ml of 3 percent hydrogen per-—
oxide in acetone daily for 40 weeks to the skin of 30 ICR Swiss fe-
male mice previously treated with DMBA. No tumors were present af-
ter 40 weeks. These findings were confirmed by Bock et al., (486)
who painted the dorsal skins of 33 female ICR Swiss mice with DMBA
followed by treatment five times weekly for 56 weeks with 3 per-
cent hydrogen peroxide. No skin tumors were produced. Nagata and
colleagues (47) found that injections of hydrogen peroxide in
female ddN mice significantly reduced the incidence and delayed
the appearance of benzo[q]pyrene-induced tumors, suggesting a
possible antitumor effect.

Mutagenicity. 8Since hydrogen peroxide is a radiolytic
product of ionizing radiation, its possible role in radiation-
induced -mutagenesis has been studied extensively. Its effects on
isolated DNA, microbial cells, and tumor cells have been explored
in numerous reports. Hydrogen peroxide has been shown to be muta-
genic to various microorganisms (41,42,48,49) and to mouse ascites
tumors (50). DNA degradation, cell damage, and increase in mu-
tants were reported under the specific conditions of the experi-
meénts, usually involving the addition of hydrogen peroxide to the
media, Although there is a similarity of effect between radiation
and hydrogen peroxide, the concentration of hydrogen peroxide
produced by radiation must be increased tenfold to achieve the
same effects resulting from exogenously-added hydrogen peroxide.
Treatment of DNA solutions or bacterial cells with hydrogen
peroxide or with X-rays has caused DNA strand breakage (41). Both
treatments generated hydroxyl radiecals, which are thought to be
the active agents. : :

Inactivation and mutation leading to respiratory defi-
ciency were induced in yeast cells by hydrogen peroxide. This ef-
fect was probably due to selection of preexisting mutants in .log.
phase populations, although a small increase in forward mutations
of nuclear genes also was reported (48).

Schdneich (50) studied. the chromatid aberrations in sev-
mwmw lines of mouse ascites tumors after hydrogen peroxide injec-
tion. The 82 sarcoma, Erlich ascites carcinoma, and sarcoma 180
were grown in the inbred mouse strain ABJena Gat. One ml of 0.1 M
hydrogen peroxide (about 170 mg per kg) was injected intraperitone-
ally 48 hours after implantation of the tumor. Less than 1 per-
cent of the cells of untreated tumors contained spontaneous chroma-
tid aberrations whereas 4 to 44.7 percent of the examined tumor
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or whey on levels of thiamin, &H@OhHmﬁwbh.nwmmwb“ pyridoxine, pan-
'fotbenic acid, folic acid, vitamin By, vitamin A, or P-carotene.
Ascorbic acid was not determined. memdamnd of milk with the high-
est concentration of hydrogen perozide (0.5 percent) employed
lowered the cystine and methionine content of the corresponding
_cheese by 10 to 25 percent although this effect was not bOde.wu
the milk and whey samples. The amounts of tryptophan and lysine
were not affected by any of the treatments. Little, if any, reduc-
tion in protein efficiency ratios was noted when treated milk,
whey, or cheese was fed for 6 weeks to weanling Sprague-Dawley

rats as the sole source of protein in an otherwise complete ra-
tion. All animals remained in good health and no abnormalities
were detected at necropsy. These findings were essentially con-
firmed by Gregory et al. (b6) who treated milk for a much longer
period (8 hours) but at a lower temperature (24°C) and hydrogen
peroxzide concentration (0.05 percent). No vitamin destruction was
detected but the nutritive value of the milk proteins was slightly
‘reduced, probably resulting from a slight reduction in the methio-
nine content. Lick and Schillinger (57,58) treated milk with 0.3
percent hydrogen peroxide for 24 hoéurs at 30°C or for 30 minutes
at 51°C with no effect on the fat-scluble vitamins A, Dg, and
P-carotene or on the water-soluble vitamins thiamin, riboflavin,
and pyridoxine. Ascorbic acid, however, was almost completely de-
stroyed by this treatment (58). _ .

. Methionine appears to be the only essential amino acid
sensitive to hydrogen peroxide treatment. As suggested above,
concentrations considerably greater than those employed in cheese
making or whey processing are necessary for significant destruc-
tion (55,56). Thus, no reduction of methionine content in f£ish
protein concentrates was noted upon treatment at 50°C for 20
minutes with 1.25 percent hydrogen peroxide and only a slight
-reduction (8 percent) after treatment with 5 percent hydrogen
peroxide (592). To ensure the complete oxidation of methionine in
casein, Slump and Schreuder (60) heated each kg of the protein
with approximately 750 ml of 30 percent hydrogen peroxide (about
200 g) at 30°C for 2 hours. Under these conditions about 75
percent of the methionine in casein was oxidized to methionine
sulfoxide, a nutritionally available derivative, and the remaining
wMOﬁmwombd to methionine sulfone, which has no nutritional value

,61). )

Milk exzposed to high concentrations of hydrogen peroxide
OH.&O lengthy treatment produces cheese with a relatively high
molsture content and a soft body (51). These textural changes are
wwmmﬁEmUH% manifestations of milk protein alterations. Fox and
Kosikowski (62) detected changes in the casein induced by hy-
@Hommu peroxide treatment. Sufficient 33 percent hydrogen perox—
ide was added to a caseiln solution to give a final concentration
of 1 percent. The solution was heated to 85°C and the exzcess hy-
drogen beroxide destroyed with catalase. The treated casein was
more susceptible to proteolysis, especially by rennin, and formed
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