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ABSTRACT
NITRITE TOXICOSIS IN THE ASCORBIC
ACID DEFICIENT GUINEA PIG

by Richard J. Kociba

Subcutaneous administration of 50 mg./kg. NaNO, consistently pro-
duced higher levels of methemoglobin in ascorbic acid deficient guinea
pigs than in controls. This dosage was fatal to a high percentage of
the deficient group, whereas all control guinea pigs survived. Pretreat-
ment of deficient guinea pigs with 10 mg./kg. methylene blue protected
against high levels of methemoglobin formation following the administra-
tion of 50 mg./kg. NaNO,.

Abortions were caused in a high percentage of ascorbic acid de-
ficient pregnant female guinea pigs following the subcutaneous administra-
tion of 45 mg./kg. NaNO,. This same dosage caused no abortions in the
control females. Ascorbic acid deficient females not given NaNO, had
normal litters.

Maternal blood levels of methemoglobin were consistently higher in
ascorbic acid deficient pregnant females following the subcutaneous
administration of 40 mg./kg. NaNO2. The accompanying levels of methemo-
globin in fetuses derived by laparohysterotomy were similar in both the
deficient and control groups. These data indicated that the fetal deaths
were related to higher levels of methemoglobin in maternal blood of

deficient females and not to increased placental passage of nitrite.
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INTRODUCTION

The use of nitrite compounds has continued to increase in all phases
of food production and preservation. Interest in the toxic properties
of nitrites has correspondingly increased with the accumulation of these
compounds in the environment.

Nitrite compounds have been incriminated in cases of human infanfile
deaths as well as in cases of abortion in animals.

To properly evaluate the health hazards of nitrite compounds, various
factors which may modify the susceptibility to nitrite toxicosis must be
considered.

The population at risk consists of a wide latitude of individuals
on various types of diets, some of which may not be providing the nutri-
tional requirements of the body. Thus certain segments of both the human
and animal populations may become more susceptible to the toxic effects
of nitrite during periods of nutritional deficiencies.

This investigation was designed to furnish suitable data regarding
the susceptibility to nitrite during a nutritional deficiency of ascorbic
acid. Special emphasis has been placed on the pregnant animal, when
nutritional deficiencies are more common.

The guinea pig was selected as the test animal because of its simi-
larity to the human in that both are dependent on a dietary source of

ascorbic acid.



Subcutaneous injections of sodium nitrite were used in all cases to
eliminate experimental variables which would have been introduced by
other methods.

Levels of methemoglobin formed as a result of oxidation of hemoglobin
by nitrite were determined. The reproductive performance of ascorbic
acid deficient guinea pigs following nitrite administration was also

studied.



REVIEW OF LITERATURE

Nitrate and Nitrite Toxicosis

Acute nitrite and nitrate poisoning is apparently due to the forma-
tion of methemoglobin and the excessive dilatation of vascular channels
caused by absorbed nitrites (Winter, 1962). Although nitrate has been
considered relatively nontoxic, Lewis (1948) showed that nitrate in the
rumen was reduced to nitrite followed by its absorption and the develop-
ment of nitrite toxicosis. McIlwain and Schipper (1963) demonstrated
that bacterial reduction of nitrate to nitrite can occur in the feed prior
to ingestion. Nitrate levels as high as 5000 ppm were found in heavily
fertilized vegetables by Wilson (1943). H8lscher and Natzschka (1964)
reported cases of methemoglobin formation in infants fed spinach puree
containing high levels of nitrite and lower levels of nitrate. It was
assumed the nitrate content had been reduced to nitrite during storage.

Sodium nitrate and sodium nitrite are permitted in certain meat and
fish products at levels of 500 and 200 ppm, respectively, as preserva-
tives (Fassett, 1966). Orgeron et al. (1957) described several outbreaks
of nitrite poisoning following the accidental incorporation of excessive
amounts of nitrite-nitrate mixtures in meat products. One meat sample
contained over 5000 ppm nitrite. Lehman (1958) considered the permitted
levels in meat products acceptable for adults but stressed the lower mar-
gin of safety in children due to the lower hemoglobin content of their

blood.



The hazards of excess nitrates in water supplies has been generally
recognized since Comly (1945) described cyanosis in infants after inges-
tion of well waters containing nitrate. Metcalf (1962) has reported the
increased sensitivity of fetal and infant hemoglobin to the action of
methemoglobin-forming agents such as nitrites. The higher gastric pH and
greater relative fluid intake in normal infants facilitate the bacterial
reduction of nitrate to nitrite. Water containing 10 ppm nitrate-nitrogen
has been considered hazardous for use in feeding infants, according to

the United States Public Health Service Water Standards (1962).

Methemoglobin Formation and Reduction Mechanisms

Nitrite oxidizes the ferrous porphyrin complex of hemoglobin to the
ferric form of methemoglobin, which is incapable of combining with molecu-
lar oxygen in the respiratory process. The mechanism of reaction between
nitrite and hemoglobin may possibly be explained by the work of Cohen
and Hochstein (1964) in which the generation of hydrogen peroxide was
demonstrated during the reaction. The role of hydrogen peroxide as an
essential intermediary product in the oxidation process has not been
elucidated (Kiese, 1966). Winter (1962) reported that hydroxylamine was
formed from nitrite in the blood and was itself capable of converting
hemoglobin to methemoglobin.

Spicer (1950) noted differences in the reaction rate between nitrite
and the hemoglobin of various species. Martin and Huisman (1963) iso-
lated various types of human hemoglobins and noted substantial differ-
ences in their rates of reaction with nitrite. Ross (1963) reported that
premature infants are more susceptible to methemoglobin formation than

infants born at term.



Sinha (1968) found blood of fetal guinea pigs more susceptible to
methemoglobin formation as compared to adults. After parturition this
difference was reduced.

Methemoglobin has a characteristic light absorption at 635 mu, which
is abolished by the addition of cyanide. This is the basis for the
measurement of methemoglobin as described by Evelyn and Malloy (1938).

Studies of the reduction of methemoglobin back to hemoglobin (Kiese,
1944; Gibson, 1948) have shown two electron-transporting systems which
can donate electrons to methemoglobin: (1) The Embden-Meyerof glycolytic
pathway forms reduced diphosphopyridine nucleotide (DPNH). Methemoglobin-
reductase, a diaphorase which Scott and McGraw (1962) have purified and
studied, transfers electrons from DPNH to methemoglobin. (2) Reduced
triphosphopyridine nucleotide (TPNH) generated by the pentose phosphate
pathway can reduce another diaphorase called methemoglobin-reductase TPN
(Huennekens et al., 1957a, 1957b) which in turn passes the electron to
an unknown cofactor or an artificial electron carrier such as methylene
blue. The TPN dependent system reduces methemoglobin rapidly in contrast
to the slower reduction by the DPN system (Stolk and Smith, 1966).

Stolk and Smith (1966) also demonstrated greater methemoglobin-
reductase activity in red blood cells of the mouse and rabbit, whereas
the cat, dog and human red blood cells possessed lesser amounts of

reductase activity.

Role of Ascorbic Acid as a Reducing Agent in the Blood

Smith (1954) listed the most obvious property of ascorbic acid as
the ability to undergo oxidation to dehydroascorbic acid. Thus it may

serve as a strong reducing agent in the biological systems of the body.



The salts of copper and iron have been shown to catalyze this oxidation
(Mapson, 1945). Coudonis (1955) showed that ascorbic acid may function
to reduce methemoglobin to hemoglobin. Baike and Valtis (1954) described
a decreased plasma ascorbic acid level (despite adequate diet) to be
associated with a decreased oxygen carrying capacity of hemoglobin.
Bancroft (1948) recommended the therapeutic use of ascorbic acid to
reduce the level of methemoglobin in the blood. Kleihauer (1965) demon-
strated the ability of ascorbic acid to increase the reduction rate of

methemoglobin to hemoglobin in vitro.

Role of Ascorbic Acid in Maintenance of Blood Vessels

Lee and Lee (1947) noted a weakening of the collagen bundles sur-
rounding atonic dilated venules in the peripheral vascular system of
scorbutic guinea pigs. They also noted a hyporeactivity of the blood
vessels subsequent to treatment with epinephrine. Scorbutic guinea pigs
failed to produce renal vasohumoral agents following severe hemorrhage
(Lee and Holze, 1951).

Stolman, Goldman and Gould (1961) reported degenerative changes in
the perivascular connective tissue and blood vessel walls following
ascorbic acid deficiency in the guinea pig. Gore, Fujinami and Shirahama
(1965) found that a depletion of subendothelial collagen in the aortas of
scorbutic guinea pigs was accompanied by widening of the intercellular
spaces. In a recent study, Gore, Wada and Goodman (1968) utilized elec-
tron microscopy to detect capillary defects which permitted the abnormal
passage of erythrocytes and other blood constituents. The weakening of
pericapillary supporting tissue and blood vessel walls may reflect the
generalized deficit of collagen synthesis characteristic of ascorbic acid

deficiency (Robertson, 1961).



Role of Ascorbic Acid in Maintenance of Blood Constituents

Meyer and McCormick (1928) reported decreased erythrocytic and hemo-
globin values in ascorbic acid deficient guinea pigs. Both leukocytic
and leukopenic responses have been reported during ascorbic acid deficiency.
Reid (1954) reviewed these results and suggested that concomitant infec-
tions may have played a role in these studies. Nungester and Ames (1948)
demonstrated decreased phagocytic activity of leukocytes and lessened
migration from the blood stream in scorbutic guinea pigs. Reid (1954)
concluded that all clotting factors were normal in ascorbic acid

deficiency.

Role of Ascorbic Acid in Female Reproductive Activity

Ingier (1915) described impeded growth of fetuses from scorbutic
guinea pigs. Goettsch (1930) reported the necessity of a minimal intake
of ascorbic acid for normal estrual cycles in the guinea pig. Harman
and Warren (1951) observed smaller embryos resulting from ascorbic acid
deficient guinea pigs.

Day (1947) has shown the importance of ascorbic acid in the maternal
diet during lactation in order to prevent marked loss of weight in the
dam and retarded growth in the young.

The storage of ascorbic acid in the placenta has been demonstrated
by Neuweiler (1935). Wahren and Rundqvist (1937) found fetal blood levels
of ascorbic acid to be normally higher than maternal blood values.
Goldsmith (1961) showed that the fetus may build up a substantial reserve

of ascorbic acid at the expense of the maternal reserve.



MATERIALS AND METHODS

General Plan. A series of 3 experiments was conducted to investigate the

toxicity of NaNO, in ascorbic acid deficient guinea pigs. Experiment A
was done to determine the levels of methemoglobin formation following the
administration of NaNO, to ascorbic acid deficient guinea pigs. Experi-
ment B was a study of the fetotoxic properties of NaNO, in pregnant
guinea pigs deficient in ascorbic acid. Experiment C compared the ma-
ternal and fetal levels of methemoglobin formation following NaNO, admin-

istration to pregnant guinea pigs deficient in ascorbic acid.

Maintenance of Animals. The English Shorthair variety of guinea pig was

utilized in this study. All were housed in groups of 3 to 6 guinea pigs
per pen. Control guinea pigs were fed Rockland guinea pig diet* supple-
mented with fresh cabbage daily. Commercial test diets deficient in
ascorbic acid** were used to create an ascorbic acid deficient condition
in the test groups. Cabbage was not fed to the deficient animals. 1In

all cases food and water were provided ad libitum.

* Taklad, Inc., Monmouth, Ill.
%% Nutritional Biochemical Corp., Cleveland, Ohio
** Hallwood Diet Foods, Muskegon, Michigan

8



Collection of Blood Samples. Ether anesthesia was used to facilitate

the collection of blood by cardiac puncture from the mature guinea pigs.
A 1.5 inch, 20 gauge needle was inserted caudolateral to the xiphoid
cartilage toward the location of the heart. Fetal blood samples were

obtained from the umbilical vessels after exposure by laparohysterotomy.

Determination of Methemoglobin (MetHb.). The method of Evelyn and Malloy

(1938) was utilized for the determination of methemoglobin. A M/60
phosphate buffer solution (Sleight and Sinha, 1968) was used to prevent
reduction of methemoglobin. Determinations were made on a Coleman

Junior Spectrophotometer.*

Determination of Hemoglobin (Hb.) and Packed Cell Volume (PCV). Hemo-

globin values were determined by the cyanmethemoglobin method (Benjamin,
1961). The microhematocrit method (Benjamin, 1961) was used for the

egstimation of the PCV.

Determination of Plasma Ascorbic Acid. The plasma levels of ascorbic

acid were determined according to the Caraway modification (Caraway,
1968) of the method of Roe and Keuther (1943). Powdered L-ascorbic acid**

(M.W. 176.12) was used in the preparation of a reference standard.

* Coleman model 6D Junior Spectrophotometer - Coleman Instruments,
Inc., 42 Madison Street, Maywood, Ill.

** Eastman Organic Chemicals, Distillation Products Industries,
Rochester 3, New York.



10

Experiment A. Levels of Methemoglobin Formation Following NaN02 Treatment

of Ascorbic Acid Deficient Guinea Pigs. Twelve mature guinea pigs with

subnormal plasma ascorbic acid levels were treated with 50 mg./kg. NaNO,
subcutaneously. Six guinea pigs with normal plasma ascorbic acid levels
were also given 50 mg./kg. NaNO;. Blood samples from all guinea pigs
were collected by cardiac puncture at 60, 90 and 120 minutes after treat-
ment. Hemoglobin, PCV, and methemoglobin values were determined in addi-
tion to plasma levels of ascorbic acid.

Three additional guinea pigs with subnormal plasma ascorbic acid
levels were pretreated with 10 mg./kg. methylene blue intraperitoneally
30 minutes prior to injection of 50 mg./kg. NaNOp. Three control guinea
pigs were treated in an identical manner. Blood samples were collected
by cardiac puncture from both groups of guinea pigs at 60, 90 and 120
minutes after injection of NaNO,. Blood values were determined in the

manner outlined previously.

Experiment B. Fetotoxic Properties of NaNOs> in Pregnant Guinea Pigs

Deficient in Ascorbic Acid. Eleven pregnant guinea pigs were fed a diet

deficient in ascorbic acid the latter part of the gestation period. Dur-
ing the final week of gestation, 8 of these guinea pigs were given 45
mg./kg. NaNO, subcutaneously. The remaining 3 deficient guinea pigs
were allowed to carry their fetuses through normal parturition with no
additional treatment.

Three additional pregnant guinea pigs were maintained on a diet
supplemented with ascorbic acid during the entire gestation period. Dur-
ing the last week of gestation these control guinea pigs were also treated

with 45 mg./kg. NaNO,.
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Blood samples were collected from all guinea pigs during the last
week of pregnancy by cardiac puncture. Hemoglobin, PCV, and plasma
ascorbic acid levels were determined, Reproductive performance was re-

corded at time of abortion or parturition.

Experiment C. Maternal and Fetal Levels of Methemoglobin Formation in

Ascorbic Acid Deficient Guinea Pigs. Five pregnant guinea pigs were

maintained on a diet deficient in ascorbic acid the latter part of the
gestation period. Three additional pregnant guinea pigs were maintained
on a diet supplemented with ascorbic acid.

During the last week of gestation all guinea pigs were injected with
40 mg./kg. NaNOj, subcutaneously. Fifty-five minutes after injection of
NaNOj, ether anesthesia was induced and laparohysterotomy was performed.
Fetal and maternal blood samples were collected at 60 minutes for deter-
mination of hemoglobin, PCV, and methemoglobin. Terminal blood samples

were collected for plasma ascorbic acid determinations.



RESULTS

Experiment A. Methemoglobin Formation Induced by NaNO7 in Ascorbic Acid

Deficient Guinea Pigs. Guinea pigs maintained on the ascorbic acid

deficient diet possessed subnormal plasma levels of ascorbic acid (Table
1). Control guinea pigs maintained on the ascorbic acid supplemented
diet had plasma ascorbic acid levels in the normal range (Schow, 1966).
Hemoglobin and PCV values were lower in the deficient group.

Administration of 50 mg./kg. NaNO, produced higher levels of met-
hemoglobin in ascorbic acid deficient guinea pigs when compared to the
controls (Figure 1). These higher levels of methemoglobin were noted in
the blood samples collected at 60, 90 and 120 minutes after injection of
NaNO,.

Pretreatment with 10 mg./kg. methylene blue prevented the formation
of high levels of methemoglobin subsequent to the injection of 50 mg./kg.
NaNO, in deficient guinea pigs (Figure 2). The guinea pigs deficient in
ascorbic acid had higher levels of methemoglobin at 60, 90 and 120 minutes
than the controls.

A high mortality rate (83.3%) occurred in the ascorbic acid deficient
guinea pigs injected with 50 mg./kg. NaNO, alone. No deaths occurred
in the ascorbic acid deficient guinea pigs pretreated with 10 mg./kg.

methylene blue before injection of 50 mg./kg. NaNo,, (Table 2).

12
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Table 1. Hematologic values of guinea pigs used in Experiment A

—
—

Guinea Dietary Plasma
Pig Ascorbic Ascorbic Acid Hb PCV
No. Acid (mg./100 ml.) (Gm. /100 ml.) (%)
1 - 0.42 10.9 37.0
2 - 0.40 12.9 45.5
3 - 0.25 10.1 34.0
4 - 0.41 4.6 13.5
5 - 0.36 9.3 30.0
6 - 0.24 9.2 31.0
7 - 0.44 13.5 44.0
8 - - 13.7 42.5
9 - 0.37 13.9 44.5
10 - 0.32 13.1 42.0
11 - 0.34 11.6 38.5
12 - 0.24 9.9 31.5
13 - 0.45 9.0 33.0
14 - 0.30 13.1 42.5
15 - 0.36 8.3 28.5
16 + 0.82 12.8 41.0
17 + 0.95 12.9 43.0
18 + 0.86 13.7 45.0
19 + 0.90 12.2 38.0
20 + 0.90 8.8 24.0
21 + 0.90 10.3 33.0
22 + 0.66 13.2 45,0
23 + 0.52 12.4 43,0

24 + 1.72 11.9 35.0
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Figure 1. Methemoglobin formation induced by
subcutaneous administration of 50 mg./kg. NaNO; to 12
ascorbic acid deficient guinea pigs (A) and 6 control
guinea pigs (B).
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20 60 Q0 120
_ o PIINUTES

Figure 2. Methemoglobin formation induced by
subcutaneous administration of 50 mg./kg. NaNO, follow-
ing pretreatment with 10 mg./kg. methylene blue of 3

ascorbic acid deficient guinea pigs (A) and 3 controls
(B).
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Table 2. Mortality rates in guinea pigs produced by treatment with
NaNO
2

Average Plasma

Ascorbic Acid Methylene Mortality

Value NaNO, Blue No. Rate
Type Diet (mg./100 ml.) (mg./kg.) (mg./kg.) Injected ¢9)
Ascorbic
Acid
Deficient 0.34 50 0 12 83.3
Ascorbic
Acid
Supplemented 0.88 50 0 6 0
Ascorbic
Acid
Deficient 0.37 50 10 3 0
Ascorbic
Acid

Supplemented 0.97 50 10 3 0
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Experiment B. Fetotoxic Effects of NaNO;, in the Ascorbic Acid Deficient

Guinea Pig. The injection of 45 mg./kg. NaNOZ caused abortion in the preg-
nant guinea pigs with plasma ascorbic acid levels below 0.40 mg./100 ml.
These abortions occurred within 24 hours after treatment (Table 3). This
same dosage of NaNO, did not cause abortion in guinea pigs with higher
levels of plasma ascorbic acid. The ascorbic acid deficient guinea pigs
that were allowed to undergo normal parturition with no NaNO, treatment

did not abort, and all gave birth to live fetuses.

Experiment C. Maternal and Fetal Levels of Methemoglobin Formation in

Ascorbic Acid Deficient Guinea Pigs. A dietary deficiency of ascorbic

acid caused a decrease in the maternal plasma ascorbic acid levels (Table
4). The respective fetuses of these deficient dams showed a smaller de-
crease in plasma ascorbic acid levels. Maternal hemoglobin and PCV
values also decreased to lower values than fetal hemoglobin and PCV values
during the deficiency.

Sixty minutes after injection of 40 mg./kg. NaNo,, the deficient dams
had an average methemoglobin level of 35.2% (Figure 3). At this same
time interval the methemoglobin level was 25.9% in the control dams.
The methemoglobin levels in the fetuses of the deficient and control

groups were 10.1%Z and 10.3%, respectively.
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Table 4. Maternal and fetal hematologic values of guinea pigs utilized
in Experiment C

Guinea Ascorbic Plasma

Pig Acid Ascorbic Acid Hb PCV
No. Diet (mg./100 ml.) (Gm. /100 ml.) (%)
Dam #1 Deficient 0.32 10.9 35
Fetus 0.63 11.6 38
Dam #2 Deficient 0.40 9.6 28
Fetus - 10.7 37
Dam #3 Deficient 0.26 9.0 -

Fetus - 13.7 54
Dam #4 Deficient 0.20 7.8 27
Fetus - 11.0 44
Dam #5 Deficient 0.46 9.9 32
Fetus 0.50 8.0 29
Dam #6 Supplemented 1.82 12.6 43
Fetus 2.00 10.7 38
Dam 7 Supplemented 1.20 11.9 47
Fetus 1.10 13.3 43
Dam 8 Supplemented 0.90 11.5 40
Fetus 0.86 11.3 41
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Figure 3. Methemoglobin levels 60 minutes after sub-
cutaneous administration of 40 mg./kg. NaNO, to pregnant
guinea pigs.



DISCUSSION

Nitrite toxicity is due to (1) the oxidation of hemoglobin to met-
hemoglobin and (2) the excessive dilatation of vascular channels. The
formation of methemoglobin leads to hypoxia, and the vasodilatation
causes hypotension.

The properties of ascorbic acid have been shown to play roles in
the physiological processes of the body which are directly related to
the formation of both of these conditions. Kleihauer (1965) has shown
the ability of ascorbic acid to be an effective reducing substance that
can reduce methemoglobin back to hemoglobin. Lee and Lee (1947) reported
on the hyporeactivity of blood vessels during ascorbic acid deficiency.

A failure of scorbutic guinea pigs to produce renal vasohumoral agents
following hemorrhage has also been shown by Lee and Holze (1951). The
effects of these factors could increase the hypotensive effect of NaNOj.

Meyer and McCormick (1928) demonstrated lower hemoglobin and erythro-
cytic values during ascorbic acid deficiency. This would increase the
ratio of nitrite ions per erythrocyte in the scorbutic animal during
nitrite poisoning.

The increased susceptibility of ascorbic acid deficient guinea pigs
to nitrite toxicity was demonstrated in Experiment A. Higher levels of
methemoglobin were consistently found 60, 90 and 120 minutes after treat-
ment of ascorbic acid deficient guinea pigs with 50 mg./kg. NaNO3. These
higher methemoglobin levels were probably the result of (1) a relative
decrease in ascorbic acid available as a reducing substance and (2)

21
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decreased hemoglobin and PCV values, which increased the ratio of nitrite
per erythrocyte.

A high mortality rate (83.3%) occurred in this deficient group due
to (1) hypoxia subsequent to high levels of methemoglobin and (2) ina-
bility to compensate for the excessive vasodilatation.

Pretreatment with 10 mg./kg. methylene blue 30 minutes prior to
injection of 50 mg./kg. NaNO, prevented the formation of high levels of
methemoglobin in both the deficient and control groups. The methemoglobin
levels remained slightly higher in the deficient group when compared to
the controls. No mortalities occurred in the methylene blue pretreated
groups. Methylene blue facilitates the enzymatic reduction of methemo-
globin back to hemoglobin by acting as an electron transporter. Activa-
tion of this reduction system apparently prevented the formation of high
levels of methemoglobin in the deficient as well as the control groups of
guinea pigs. The higher levels of methemoglobin noted in the pretreated
deficient group possibly could be explained by the lack of ascorbic acid
as a reducing substance and lowered hemoglobin and PCV values.

In Experiment B the increased fetotoxic effects of NaNO; were demon-
strated in the ascorbic acid deficient guinea pig. Previous work (Sinha,
1968) had shown a minimal dose of 60 mg./kg. NaNO, was capable of causing
abortion in the guinea pig. In this study pregnant guinea pigs with
plasma ascorbic acid levels below 0.40 mg./100 ml. aborted following the
injection of 45 mg./kg. NaNO;. This dose did not cause abortion in any
guinea pigs with plasma ascorbic acid levels above 0.40 mg./100 ml.

This indicated a subnormal plasma ascorbic acid level was associated

with an increased susceptibility to NaNO, toxicity in the pregnant guinea
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pig. A subnormal plasma level of ascorbic acid alone was not sufficient
to cause abortion, as all deficient guinea pigs not treated with NaNO, gave
birth to live fetuses.

In Experiment C the maternal and fetal levels of methemoglobin forma-
tion were compared in ascorbic acid deficient guinea pigs and controls.
Plasma values of ascorbic acid in the deficient dams were lower than the
plasma ascorbic acid levels of their fetuses. Goldsmith (1961) showed a
preferential reserve of fetal ascorbic acid at the expense of the maternal
reserve.

Maternal hemoglobin and PCV values were also lowered during ascorbic
acid deficiency, whereas the fetal levels of hemoglobin and PCV were simi-
lar to those of the control group. Apparently the fetal hematologic values
were not greatly decreased during ascorbic acid deficiency.

The deficient pregnant guinea pigs injected with 40 mg./kg. NaNO,
had higher levels of methemoglobin formation at 60 minutes than the con-
trols. Fetal samples of blood collected at this same time (60 minutes)
showed levels of methemoglobin that were nearly identical in both the
deficient and control groups. This indicated that the increased feto-
toxic effects of NaNO, in the ascorbic acid deficient guinea pigs were
due to higher levels of methemoglobin in the dam. Apparently the partial
placental barrier to NaNO; (Sinha, 1968) was not altered during ascorbic

acid deficiency.



SUMMARY AND CONCLUSIONS

In this investigation the toxicity of NaNO, was studied in the ascor-
bic acid deficient guinea pig. Levels of methemoglobin formed as a
result of oxidation of hemoglobin by nitrite were determined. Effects
on the reproductive performance of pregnant guinea pigs with subnormal

plasma ascorbic acid levels were studied. Maternal and fetal levels of f

methemoglobin induced by maternal nitrite toxicosis were also compared.
From these experiments the following conclusions were made:

1. Injection of 50 mg./kg. NaNO, caused higher levels of methemo-
globin formation in guinea pigs deficient in ascorbic acid.

2. A mortality rate of 83.3% occurred in the ascorbic acid deficient
group after treatment with 50 mg./kg. NaNOp. This dose caused no mortali-
ties in the control group.

3. Pretreatment with 10 mg./kg. methylene blue prevented the forma-
tion of high levels of methemoglobin in ascorbic acid deficient guinea
pigs treated with 50 mg./kg. NaNO,. The methemoglobin levels were
slightly higher than those of a similarly treated control group.

4. No mortalities occurred in the deficient group that was pretreated
with 10 mg./kg. methylene blue prior to administration of 50 mg./kg.
NaNO,.

5. Pregnant guinea pigs with plasma ascorbic acid levels below
0.40 mg./100 ml. aborted following treatment with 45 mg./kg. NaNOj. This
dose did not cause abortion in guinea pigs with higher levels of plasma
ascorbic acid.
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6. Methemoglobin levels were higher in ascorbic acid deficient
pregnant guinea pigs than in controls following the injection of 40 mg./kg.
NaNO;. Fetal blood samples obtained by laparohysterotomy showed levels
of methemoglobin comparable to those of the similarly treated control
group. This indicated the partial placental barrier was not altered
during ascorbic acid deficiency in the pregnant guinea pigs.

7. The increased fetotoxic properties of NaNO; in the ascorbic
acid deficient guinea pigs were due to increased levels of methemoglobin

formation in the maternal blood.



REFERENCES

Baike, A, G., and Valtis, D. J.: Gas transport function of the blood in
congenital familial methaemoglobinaemia. Brit. Med. J., 2, (1954):
73-76.

Bancroft, H.: cited by Kugelmass, I. N., Biochemistry of Blood in Health
and Disease. C. C. Thomas Co., Springfield, I11l., 1959.

Benjamin, M. M.: Outline of Veterinary Clinical Pathology, 2nd ed. The
Iowa State University Press, Ames, Iowa, 1961. i

Caraway, W. T.: Personal communication, 1968. '

Cohen, G., and Hochstein, P.: cited by Kiese, M., The biochemical pro-
duction of ferrihemoglobin-forming derivatives from aromatic amines,
and mechanisms of ferrihemoglobin formation. Pharmacol. Rev.,

18, (1966): 1091-1161.

Comly, H. H.: Cyanosis in infants caused by nitrates in well water. J.

Coudonis, A: cited by Kugelmass, I. N., Biochemistry of Blood in Health
and Disease. C. C. Thomas Co., Springfield, Ill., 1959.

Crawford, R. F.: Factors influencing the toxicity of forages that con-
tain nitrate when fed to cattle. Cornell Vet., 56, (1966): 3-17.

Davison, K. L., Hansel, W., Krook, L., McEntee, K., and Wright, M. J.:
Nitrate toxicity in dairy heifers. I. Effects on reproduction,
growth, lactation and vitamin A nutrition. J. Dry. Sci., 47,
(1964): 1065-1073.

Davison, K. L., McEntee, K., and Wright, M. J.: Responses in pregnant
ewes fed forages containing various levels of nitrate. J. Dry.
Sci., 48, (1965): 968-977.

Day, C. D. M.: Antiscorbutic deficiency during lactation as a cause of
infantile scurvy and dental dystrophies. Ind. J. Med. Res., 35,
(1947): 185-213.

Evelyn, K. A., and Malloy, H. T.: Microdetermination of oxyhemoglobin,

methemoglobin and sulfhemoglobin in a single sample of blood.
J. Biol. Chem., 126, (1938): 655-662.

26



27

Fassett, D. W.: Toxicants occurring naturally in foods. Nitrates and
nitrites. National Academy of Sciences-National Research Council
Publication 1354, (1966): 250-256.

Gibson, Q. H.: The reduction of methemoglobin in red blood cells and
studies on the cause of idiopathic methemoglobinemia. Biochem.
J., 42, (1948): 13-22,

Goettsch, M.: Relationship between vitamin C and some phases of reproduc-
tion in the guinea pig. Am. J. Physiol., 95, (1930): 64-70.

Goldsmith, G. A.: Human requirements for vitamin C and its use in clini-
cal medicine. Ann. N. Y. Acad. Sci., 92, (1961): 230-245.

Gore, I., Fijinami, T., and Shirahama, T.: Endothelial changes produced
by ascorbic acid deficiency in guinea pigs. Arch. Path., 80,
(1965): 371-376.

Gore, I., Wada, M., and Goodman, M. L.: Capillary hemorrhage in ascorbic-
acid-deficient guinea pigs. Arch. Path., 85, (1968): 493-502.

Harman, M. T., and Warren, L. E.: Some embryological aspects of vitamin
C deficiency in the guinea pig (Cavia cobaya). Trans. Kans. Acad.
Sci., 54, (1951): 42-56.

H6lscher, P. M., and Natzschka, J.: Methaemoglobinaemia in young infants
due to nitrite in spinach. Germ. Med. Mon., 9, (1964): 325-327.

Huennekens, F. M., Caffrey, R. W., Basford, R. E., and Gabrio, B. W.:
Isolation and properties of methemoglobin reductase. J. Biol.
Chem., 227, (1957): 261-272.

Huennekens, F. M., Liu, L., Myers, H. A. P., and Gabrio, B. W.: Erythro-
cyte metabolism. III. Oxidation of glucose. J. Biol. Chen.,
227, (1957): 253-260.

Ingier, A.: A study of Barlow's disease experimentally produced in fetal
and new-born guinea pigs. J. Exp. Med., 21, (1915): 525-538.

Jones, I. R., Wesing, P. H., Bone, J. F., Peters, M. A,, and Alpon, S. O.:
Effect of high nitrate consumption on lactation and vitamin A nutri-
tion in dairy cows. J. Dry. Sci., 49, (1966): 491-499.

Kiese, M.: Die Reduktion des Himiglobins. Biochem. Z., 316, (1944): 264.
Kiese, M.: The biochemical production of ferrihemoglobin-forming deriva-
tives from aromatic amines, and mechanisms of ferrihemoglobin

formation. Pharmacol. Rev., 18, (1966): 1091-1161.

Kleihauer, E.: Unterscuhens zur Reduktion des Blutfarbstoffs durch
Askorbinsdure. Folia Hematol., 83, (1965): 283-290.



28

Kugelmass, I. N.: Biochemistry of Blood in Health and Disease. C. C.
Thomas Co., Springfield, Ill., 1959.

Lee, R. E., and Holze, E. A.: Nutritional factors in hemodynamics: Dis-

sociation of pressor response and hemorrhage resistance in
avitaminosis C. Proc. Soc. Exp. Biol. Med., 76, (1951): 325-329.

Lee, R. E., and Lee, N. Z.: The peripheral vascular system and its reac-
tions in scurvy: An experimental study. Am. J. Physiol., 149,
(1947): 465-475,

Lehman, A. J.: Nitrates and nitrites in meat products. Assoc. Food
Drug Officials U. S. Quart. Bull., 22, (1958): 136.

Lewis, D.: The metabolism of nitrate and nitrite in the sheep. I. The
reduction of nitrate in the rumen of the sheep. Biochem. J.,
48, (1948): 175-180.

Mapson, L. W.: Influence of halides on the oxidation of ascorbic acid.
Biochem. J., 39, (1945): 228-236.

Martin, H., and Huisman, T. H. J.: Formation of ferrihemoglobin of iso-
lated human hemoglobin types by sodium nitrite. Nature, 200,
(1963): 898-899.

McIlwain, P. K., and Schipper, I. A.: Toxicity of nitrate nitrogen to
CattIEQ JleV.M.A. 'y 142’ (1963) H 502-5050

Metcalf, W. K.: The sensitivity of intracorpuscular haemoglobin to oxi-
dation by nitrite ions. I. The effect of growth, starvation and
diet. Phys. Med. Biol., 6, (1962): 427-435,

Meyer, A. W., and McCormick, L. M.: cited by Reid, M. E., Ascorbic acid:
Effects of deficiency in animals, in The Vitamins, Vol. 1 (Ed. by
Sebrell, W. H., and Harris, R. S.), Academic Press, Inc., New
York, 1954.

Muhrer, M. E., Garner, G. B., Pfander, W. H., and 0'Dell, B. L.: The
effect of nitrate on reproduction and lactation. J. Anim. Sci.,
15, (1956): 1291-1292.

Neuweiler, W.: Versuche uber den Vitamin C-Stoffwechsel beim Fetus.
Klin. Wschr., 14, (1935): 1040-1041.

Nungester, W. J., and Ames, A. M.: The relationship between ascorbic
acid and phagocytic activity. J. Infect. Dis., 83, (1948): 50-54.

Orgeron, J. D., Martin, J. D., Caraway, C. T., Martine, R. M., and Hauser,

G. H.: Methemoglobinemia from eating meat with high nitrite con-
tent. U. S. Public Health Rept., 72, (1957): 189.



29

Reid, M. E.: Ascorbic acid: Effects of deficiency in animals, in The
Vitamins, Vol. 1 (Ed. by Sebrell, W. H., and Harris, R. S.),
Academic Press, Inc., New York, 1954.

Robertson, W. V. B.: The biochemical role of ascorbic acid in connective
tissue. Ann. N. Y. Acad. Sci., 92, (1961): 159-167.

Roe, J. H., and Keuther, C. A.: The determination of ascorbic acid in
whole blood and urine through the 2,4-Dinitro-phenylhydrazine
derivative of dehydroascorbic acid. J. Biol. Chem., 147, (1943):
399-407.

Ross, J. D.: Deficient activity of DPNH-dependent methemoglobin diaphorase
in cord blood erythrocytes. Blood, 21, (1963): 51.

Schow, S. R.: A serial study of ascorbic acid depletion in the guinea
pig. J. Dental. Res., 45, (1966): 1232.

Scott, E. M., and McGraw, J. C.: Purification and properties of diphos-
phopyridine nucleotide diaphorase of human erythrocytes. J. Biol.
Chem., 237, (1962): 249-252.

Simon, J., Sund, J. M., Douglas, F. D., Wright, M. J., and Kowalczyk, T.:
The effect of nitrate or nitrite when placed in the rumen of preg-
nant dairy cattle. J.A.V.M.A., 135, (1959): 311-314.

Sinha, D. P.: Pathogenesis of abortion in acute nitrite toxicosis in
guinea pigs. Ph.D. Thesis, Michigan State University, 1968.

Sleight, S. D., and Atallah, O. A.: Reproduction in the guinea pig as
affected by chronic administration of potassium nitrate and potas-
sium nitrite. Toxicol. Appl. Pharmacol., 12, (1968): 179-185.

Sleight, S. D., and Sinha, D. P.: Prevention of methemoglobin reduction
in blood samples. J.A.V.M.A., 152, (1968): 1521-1525.

Smith, F.: Ascorbic acid: Chemistry, in The Vitamins, Vol. 1 (Ed. by
Sebrell, W. H., and Harris, R. S.), Academic Press, Inc., New
York, 1954.

Spicer, S. S.: Species differences in susceptibility to methemoglobin
formation. J. Pharmacol. Exp. Therap., 99, (1950): 185-194.

Stolk, J. M., and Smith, R. P.: Species differences in methemoglobin
reductase activity. Biochem. Pharmacol., 15, (1966): 342-351,

Stolman, J. M., Goldman, H. M., and Gould, B.: Ascorbic acid and blood
vessels. Arch. Path., 72, (1961): 535-545.

Sund, J. M., Wright, M. J., and Simon, J.: Weeds containing nitrates
cause abortion in cattle. Agron. J., 49, (1957): 278-279.



30

United States Public Health Service Drinking Water Standards: U. S.
Public Health Service Publication, (1962): 47.

Wahren, H., and Rundqvist, O.: ﬁber den Ascorbinsduregehalt des Blutes
von Mutter und Frucht. Klin. Wschr., 16, (1937): 1498-1499.

Wilson, J. K.: Nitrate in plants: Its relation to fertilizer injury,
changes during silage making, and indirect toxicity to animals.
J. Am. Soc. Agron., 35, (1943): 279.

Winter, A. J.: Studies on nitrate metabolism in cattle. Am. J. Vet.
Res., 23, (1962): 500-505.



VITA

Richard Joseph Kociba was born in Harbor Beach, Michigan, on April
8, 1939. He graduated as Valedictorian of the 1957 Class from Our Lady
of Lake Huron High School, Harbor Beach, Michigan.

In 1959, after service with the United States Army, he enrolled as

a student at Port Huron Junior College, Port Huron, Michigan. The fol-

lowing year he transferred to Michigan State University where the Bachelor
of Science degree was awarded with honors in 1964. In March, 1966, the
Doctor of Veterinary Medicine degree was awarded with honors. The author
was the recipient of the 1966 Upjohn award for Clinical Proficiency and
the 1966 General Clinic award.

From March, 1966, to March, 1967, the author was employed in a pri-
vate veterinary practice and diagnostic laboratory at Milford, Indiana.

In April, 1967, he joined the Department of Anatomy at Michigan
State University as an Instructor.

In July, 1968, the author accepted a Senior Graduate Assistantship
in the Department of Pathology.

The author is married and is a member of the American Veterinary
Medical Association, Michigan Veterinary Medical Association, and Phi

Zeta.

31



U




