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ABSTRACT

Four sheep were infused with 50 ml of 0.5 molar 
sodium nitrite over a 5 hour period. Blood methemoglobin 
(MHb) , P02 3 PCO2 and pH and urinary Pc0'2» and volume 
were measured to determine the effect of nitrite infusion 
on these parameters.

MHb produced from infused nitrite caused a decrease 
in P02« Increased respiration from his hypoxia'resulted in 
a lowered Pqq2 an<3 elevated blood pH. Ultimate, control of 
pH was found to.be regulated through renal excretion of bi
carbonate. Kidney measurements before and after nitrite in
fusion showed no Change in•glomerular filtration, but a de
crease in tubular secretion.

There was no change in liver clearance of Bromsulph- 
alein from a single infusion of nitrite, but this measurement 

' of liver function was decreased- by a second infusion.
It was concluded from these data that: 1) symptoms of 

nitrite-induced methemoglobinemia were caused by hypoxia, 2)
■ increased stress on the respiratory system caused the kidney 
to regulate blood pH and, 3) single infusions of, nitrite had 
little effect on kidney and liver function, but prolonged ex
posure to nitrite might have caused progressive organ failure.

- . :  ̂vll. 'i - ' f :



CHAPTER 1

. . INTRODUCTION {AND: REVIEW: OF ̂ LITERATURE

Cattle and sheep on pasture sometimes have ac
cess to forage containing significant amounts of nitrous 
oxide (nitrate) due to certain growing conditions. : Ni
trogen for protein synthesis is available to plants in 
the form of ammonia and its nitrous oxide precursors.
The normal pathway of protein formation in plants occurs 
as a microbiologically-enhanced system. Bacteria in the 
soil fix the free nittogen in the form of nitrous oxides 
and ammonia which are then utilized by the plant, When 
plants are in a rapid growth phase with favorable envi
ronmental conditions (warm temperature and abundant 
water),' the ammonia supply is depleted and.the plants 
utilize nitrate for protein synthesis. Under drought 
conditions, the water required for normal reduction of 
nitrate by the plants to ammonia is lacking, causing a 
build-up of nitrate in the plant. Other environmental . 
and managerial factors can also cause build-up of nitrate 
in the plant, such as cloudiness during the growth period, 
shade trees in the pasture, and the use of nitrogenous 
fertilizers'.

1
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Monogastric animals•are not affected by nitrate

because of limited intake of plant matter in the normal 
diet and an inability to. reduce nitrate to ammonia. Ru
minants, however, with an abundant intake of plant mat
ter and the ability to reduce nitrate to ammonia in the 
rumen, often show symptoms of nitrite toxicity when in
gesting nitrate-containing forages. The ability to re- . 
duce nitrate to ammonia is due to the rumen microflora.
A normal intermediate in the metabolism of nitrate is 
nitrite, and when significant amounts of nitrate are in
gested , nitrite will accumulate in rumen fluid. Nitrite 
is absorbed directly from the rumen into the portal blood 
stream. Blood nitrite then reduces hemoglobin to methemo
globin . Methemoglobin combines with oxygen and at normal 
physiological oxygen tensions, will not release this oxy
gen to the tissues, causing histotoxic hypoxia.

In the Southwest, the problem is magnified by an - 
accelerated growing season in the spring often accompanied 
by drought. There are numerous field reports of nitrite 
toxicity during this season. Nitrate will probably remain 
a problem as more intensive livestock and crop production 
occurs, Increased use of fertilizers.and denser popula
tions of livestock also increases the chances and severity . 
of nitrate poisoning. It is even possible that crop breeding



techniques to produce:faster growing > more productive 
plants will also intensify the .problem.

Many approaches have been taken in attempt to 
prevent the nitrate problem. These have included feed' 
processing, feed additives, and preconditioning of live 
stock by feeding subtoxic levels of nitrates. Little 
success from any of these methods has been reported. 
Satisfactory treatment of symptomatic animals has in
cluded injection of various oxidizing agents, such as 
methylene blue, but diagnosis and treatment is not 
practical in the field due to the acute,-.nature of ni
trite poisoning.

There is little information available on the 
physiological effects of nitrite-induced methemoglobi
nemia. Most work to date has centered on metabolism of 
nitrate in the rumen and observing changes, in various . 
blood metabolities. The objectives of this study were 
to give a more concise physiological picture.of what ef 
feet nitrite poisoning has on blood gas content, blood 
pH regulation, and liver and kidney function in sheep.



’ Review of Literature 
Nitrate toxicity in ruminants has been recorded 

for many years, although the relationship between this 
metabolite in plants and its adverse reaction in the 
animal was not identified until recently.

. Mayo (14) in 1895 described cattle losses due to. 
feeding corn stalks. He found these stalks were high in 
potassium nitrate. The author then fed free potassium 
nitrate to cattle and observed the symptom of darkened 
blood in the treated cattle (methemoglobinemia). He con
cluded that potassium nitrate was the cause of death in 
reported cases of corn stalk poisoning. He also noted 
that the affected corn had grown very fast but was sub
sequently stunted by drought. ; He felt, the growing con
ditions might be responsible for the high nitrate levels 
in the plants.

. In South Africa, Rimington and Quin (17) in 193 3 
studied a disease of sheep called tribulosis. These au
thors found significant levels of nitrate in plants of 
the.genus Tribulus, for which the disease was named.
They further found that sheep fed or drenched with ex
tracts of Tribulus died of methemoglobinemia. They not
ed that methemoglobin was caused by the reaction of ni
trate with hemoglobin.. They then demonstrated by in
travenous inj ection of nitrite that a disease similar to 
tribulosis could be produced, and concluded that the



: nitrate in Tribulus was . changed, either by . the plant or ru- . 
men bacteria into nitrite, causing methemoglobinemia.

In the United States in the - 192 0 1 s and 1.9 30 ’ s , 
there were reports of oat hay poisoning in cattle (15,26). 
Some of the suspect hay was fed to cattle experimentally, 
and trembling, rapid pulse, a dull look and cyanosis (symp
toms of nitrate toxicity) were observed. These authors, 
however, were unable to identify the toxic substance in 
the oat hay.

In 1939 , Bradley, Eppson and Death (1) , showed 
that cattle poisoned by oat hay died of methemoglobinemia 
arid demonstrated significant amounts of nitrate in the 
suspect hay, but found no nitrite. These authors drenched 
calves with pure potassium nitrate and extracts of oaf 
hay known to contain high levels.of nitrite. Both calves 
died, and the methemoglobin levels were found to be ele
vated in both cases.' The authors concluded. that nitrate 
was the toxic element in oat hay poisoning. They suggest
ed further that other plants shown to cause sudden death 
might contain significant amounts of nitrate and that . 
growing conditions might cause these high levels of ni
trate in plants. There are similar reports in the liter
ature of sudden.deaths.in cattle being fed sugar beet tops 
(21), pigweed (.1) , and sorghums (7). Potassium nitrate 
was shown to be high in all of. these plants.



Nitrate toxicity in ruminants is dependent on 
the ability of the rumen microflora to reduce nitrate 
to nitrite. Nitrite enters the/bloodstream and re
duces hemoglobin to the true oxide methemoglobin, caus- . 
ing eventual asphyxia (17). Sapiro etal. (2 0) drenched 
sheep with potassium nitrate and observed.methemo
globinemia. They further demonstrated the breakdown of 
nitrate to nitrite in vitro by rumen microflora and con
cluded that rumen microflora can reduce nitrate to ni
trite in vivo. In 1961, Wang, Garcia-Rivera and Burris (27 
added potassium nitrate to the rumens'of cattle and 
measured the rate of nitrate and methemoglobin produc- 1 
tion. They found the rate of methemoglobin formation 
was directly related to the r.ate of nitrite production 
in the rumen. Their findings support the theory that ni
trite is the cause of methemoblobinemia associated with 
nitrate poisoning.

Rimington and Quin (17), while studing tribulo- 
sis in sheep, noted that animals which consumed a large 
volume of the plant extract died of methemoglobinemia 
with no other symptoms. Bradley, Eppson and Beath (1) 
reporting on oat hay poisoning concluded that methemo
globinemia was the major cause of death in affected 
cattle. Diven, Reed and Pistor (5) studied the phys- . 
iology of nitrate poisoning in sheep. The drenched



sheep with nitrite and observed the symptoms of acute ., 
nitrate poisoning (dull look, rapid pulse, and cyanosis). 
They-.measured blood methemoglobin levels at the time of 
death and found them all to be greater than 80 per cent. 
They concluded that hypoxia'due to methemoglobinemia was 
the major cause of death in the acutely poisoned animals. 
Setchell and Williams (22) studied the clinical responses 
to acute and chronic ingestion of nitrate. In the acute 
experiments, the authors drenched sheep with sodium ni
trate. They showed that high levels of methemoglobin 
resulted from these single large doses of nitrate. The 
authors also drenched sheep with- sub-toxic levels of ni
trate over a 90-day period. Very little formation of 
methemoglobin was observed, but sudden deaths did occur. 
They concluded that prolonged, exposure to sub-toxic 
levels of nitrate does not cause methemoglobinemia but 
can be associated with sudden unexplainable death in sheep.

Diven . et al. (5) also studied the effects of 
prolonged exposure to sub-toxic levels of nitrate. They 
injected sheep with sub-toxic doses of potassium nitrite 
intraperitoneally for 35 days. On the 36th day, they in
creased the dosage of the injection to the lethal.level 
and also injected this same amount into a sheep which had . 
not previously been exposed to nitrite. The sheep that 
had not been exposed to nitrite died shortly after in
jection. The sheep previously exposed to nitrite survived



although methemoglobin levels were over 70 per cent.
They concluded that previously-exposed sheep could par
tially adapt to nitrite poisoning, hut that methemoglobi
nemia was the primary cause of death from nitrite admin
istration .

The physiological effects of nitrite poisoning 
in sheep were studied by Holtenius (9). This author in
jected sodium nitrite intravenously and measured changes 
in oxygen consumption and carbon dioxide elimination.
He also injected vasoconstricting drugs (ephedrine and 
oxedrine) to observe their effects upon the treated ani
mals.

Animals receiving sodium nitrite showed gross 
symptoms of nitrite poisoning (recumbency, dullness and 
coma). Oxygen consumption and carbon dioxide elimination 
were increased. Animals that received the' vasoconstric- 
tory drugs showed a return to normal behavior immediate
ly , causing the author to conclude that vasodilatory ef
fects of nitrite were responsible for the clinical symp
toms of nitrite poisoning. He noted, however, that the ' 
vasoconstrictory drugs .had only a. temporary beneficial 
effect, and the affected animals eventually died unless 
treated with methylene blue, an organic dye with high. 
oxidizing properties. The use of methylene blue as an 
effective treatment for nitrate-nitrite induced methemo
globinemia was also demonstrated by Bradley, Eppson and



Beath (2). Hueper and Landsberg (10) further supported 
the vasodilatory effect of nitrite. They injected rats 
with sodium nitrite and observed a significant drop in 
blood pressure. ■ -

;■ There is, little information available on the phys
iological effects of nitrite-induced methemoglobinemia.'
It is known that methemoglobin produces- hypoxia, but the 
effects of this condition on the animal are not complete
ly understood. Mayo (14) noted congestion in the liver 
and kidneys of cattle which died from ingesting oat hay 
high in potassium nitrate. Sinclair and.Jones (24) re
ported that blood pooled in the liver and kidneys of 
sheep drenched with nitrate. Simon et al. (2 3) performed
histological examinations on cattle drenched with a 
lethal dose of potassium nitrate. They observed marked 
kidney tubule damage. Other observations of methemo- 
globin-related kidney damage were reported by Jaenike 
(13). Using micropuncture techniques, he injected free 
methemoglobin into the kidneys of rats and observed 
acute renal failure. The author concluded that methemo
globin decreased effective glomerular filtration pres
sure and changed nephron permeability.

f The present study provides further observations 
on the effects of nitrite infusion on several blood and 
urine metabolites in sheep, including, some data on, liver 
and kidney function.



CHAPTER 2

EXPERIMENTAL PROCEDURE

, - .Twenty crossbred ewes were purchased from Chev
er i a farms in Casa Grande., Arizona, and kept in the Ani
mal Pathology Laboratory of the Department of Veterinary 
Science , University of, Arizona. ,

Five animals were selected according to the fol
lowing criteria: 1) no known previous exposure to•hi- .
trates., 2) weight of approximately 10 0 pounds,. and 3)
no history of illness.'

The animals were weighed and placed in metabolism 
cages in environmentally-controlled quarters at 21 degrees 
C. They were fed in the evening and allowed to acclimate 
to their new environment. After 3 days, indwelling can
nulas were placed in both jugular veins.. The procedure 
involved shaving the neck and aseptically inserting a 12- 
gauge needle in the jugular vein. A radio spaghetti can
nula was then passed through the barrel of the needle and 
the needle was removed, leaving approximately one foot of. 
cannula in the jugular. . The free end was secured, to the 
animal with adhesive tape. The cannula was rinsed daily 
with 5.0 ml of a.physiological saline and a 5% sodium 
citrate-1% heparin solution to prevent clotting. After

v . 10 : ■ ; - .



" . . • 11 five days, the ewes were catheterized with a No. 14 French
urethral catheter.

Fifty ml of 0.5 molar sodium nitrate was infused 
using a Harvard Apparatus-Compact Infusion pump (Model 
No. 975, Harvard Apparatus Co., Millis, Mass.). Five ml 
of nitrite solution (3.45 gm sodium nitrite from Mallin- 
ckrodt Chemical Works, St. Louis, Mo., in 10 0 ml of 
sterile physiological saline mixed immediately before 
administration) was injected into a jugular cannula,.. and 
the, remainder was infused at the rate of 0.9 m. /hr for 
five hours.'; Samples of blood and urine were taken via 
the other jugular cannula and urinary catheter, respec
tively, every hour throughout the infusion period. Blood 
samples were tested immediately for methemoglobin, Pqq^,
P02, and pH. ,

Total urine,colledtions were made hourly by allow
ing the bladder contents to void voluntarily. At the end 
of each hour, air was injected into the bladder to distend 
it, causing the ewe to strain and completely expel all 
urine.

Methemoglobin was measured by the method of Evelyn ■ 
and Malloy (6). Free hemoglobin was converted to methemo
globin by adding excess hydrogen cyanide and this value was 
considered as representative of total hemoglobin. Per cent 
methemoglobin in the drawn blood was calculated as follows:
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Per cent methemoglobin = . P.P. MEb  ^ ^00

O.D. Converted Hb
Blood Pq2 > Pqq2? pH, and urinary Pqq2 and pH 

were measured with a Radiometer BMS-3 (Radiometer Cor
poration , Copenhagen, •Denmark). The urinary PC02 value . 
was considered representative of urinary .bicarbonate ion 
■' (8 ),

Liver function was,expressed as the retention 
of Bromsulphalein (BSP), in the blood according to pro
cedures outlined by Hynson, Westcott, and Dunning, Inc. (11). 
Blood was Collected at 0, 5, 10, 20, 30 and 4 5 minutes 
after the injection of 5.0 mg BSP/kg body weight. The 
blood was then centrifuged■at 3,000 rpm for 15 minutes.
Plasma was made alkaline with 1.0 ml of 5% HaOH and di
luted with water. The samples were read at 580 mu on a 
Bausch and Lomb Spectronic 20, (Bausch and bomb Inc., 
Rochester, New York.) . Urine was collected at 45 minutes ' 
and tested for BSP. This value was. expressed as a per 
cent of total BSP and used to correct plasma BSP. BSP 
plasma was expressed as a per cent of the initially in
jected dose retained in the plasma at 10 minutes post- 
BSP injection.

Glomerular filtration was determined .by. the 
method of inulin clearance (4). Inulin (3.45 gin in 50 
ml of physiological saline) was infused via jugular can
nula over a 5 minute period. Blood and urine samples



were taken just prior to: the inulin injection, and,then 
every 15 minutes for one hour;thereafter.. Inulin was 
determined by method of Roe, Epstein, and Goldstein (18). 
Clearance from the plasma.was expressed as a per cent of 
the injected dose.which appeared in the. Urine at. 60 minutes

The phenolsulfonphthalein (PSP) test (12) was used 
to estimate renal blood flow. Two ml of commercially-^ 
prepared PSP (6 mg/ml, Eynson, Westcott, and Dunning, Inc., 
Baltimore, Maryland) was infused and samples of urine 
were taken at 0, 5, 10, 20, 30,45 and 6 0 minutes after 
injection. The concentration of PSP in the urine was 
determined by dilution and read at 540 mu on a Bausch and

i •
bomb Spectronic 20. PSP was expressed as the per cent 
appearing in the urine at 6 0 minutes.

All liver and kidney functions were measured at 
the same' time each day in an attempt to minimize possible 
circadian rhythyms that might have affected the results. 
Data were analyzed for standard: error and linear regres
sion according to methods outlined by Steel and Torrie



CHAPTER 3

• RESULTS AND DISCUSSION

" Blood Methemoglobln, Ppg, and Pq o?
In this study, five sheep were examined for the 

effects of sodium nitrite infusion on blood and urine. 
The length of infusion, rate of nitrite infusion, and 
maximum per cent methemoglobin (MHb) are listed in Table:
1. Four animals were each given a total of 1.725 gm of
sodium nitrite in 50 ml of physiological saline over a
five hour period. Animal #172 was infused with 50 ml 
of saline.and served as a control. During the infusion, 
the per cent MHb, PQ^, Pq q2 ,- and pH were measured in
venous blood. At the same time, urinary Pq q2 , pH and
volume were also measured.

The effects of saline and nitrite infusion on 
venous blood are presented in Table 2 and Figures 1 and
2. The data.for individual animals can be found in the 
Appendix. All.animals had less than 3% MHb prior to 
the nitrite infusion. The control animal stayed within 
normal MHb limits (8) during the infusion of saline, in
dicating that the injection and sampling procedures did 
not cause a significant formation of methemoglobin. In 
all experimental animals, the MHb level rose thoughout .
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Table 1. The Effect of Infusion Rate and Period of 
Administration of Nitrite on the Formation 
of Methemoglobin (MHb).

Length of Rate of Nitrate Tot„ Nitrate
Animal Infusion Infusion . Infused Maximum
Number (Min,) (mMol/Min.) (mMol) ■ MHb (%)

172 300 0.0 o o 3. 0
131 420 0.054 2 2.7 36.5
132 2 80 0.080 22.4 65.6
170 310 0. 073 22.6 6 8.5
171 30.0 0.0 75 22.5 55.8
1711 ' 30 0 0.075 22.5 59. 2

1. Second infusion of this animal, 7 days later.
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the infusion.period3 and. started to decline immediately 
after the infusion of nitrite was terminated (Hour 6,
Table 2). It is interesting to note that the rate of 
nitrite infusion may have effected the rate of MHb for- . 
mation, since sheep #131 received the same total nitrate 
. as the other experimental animals, but was infused at 
a slower rate and exhibited the lowest maximum per cent
MHb' (Table 1). This agrees with work done by Wang et al.
(27) who observed that the rate of MHb formation in 
cattle was directly related to the rate of nitrate pro
duction in the rumen. They postulated that the nitrite ̂
produced was directly absorbed from the rumen into the 
blood. This rumen nitrite may be equated to the ni
trite infused in the current study.

Clinical signs of - methemoglobinemia, that is, 
panting, increased heart rate, dullness in attention 
and a listless attitude, were first noted after three 
hours of nitrite infusion.' At this time, the blood MHb 
level was 35 per cent, a value similar to that report
ed by Clark, VanLoon, and Adams (3), who observed clinical

'symptoms of methemoglobinemia in dogs when MHB reached 
40 per cent. • .

The amount of MHb in the venous blood was. meas
ured as a per.cent of the total hemoglobin. MHb is 
caused by nitrite in the blood (2) and lowers the ability



of the blood to carry oxygen to the cells. The response 
by the. animal to HHb is similar to progressive histotoxic . 
hypoxia, that is, increased respiration, increased heart 
rate, muscular incoordination, deterioration of vision, 
and fixed attention, developing eventually into un- 
conciousriess and possibly death (19).

In order to identify some of the changes in gas 
transport due to experimentally-induced methemoglobi

nemia, venous blood PQ2;and;Pc02 were measured. All ani
mals were within normal limits (8) for venous PQg and 
Pqq2 prior to infusion (Table 2).. Control animal #172 
had changes in , both blood Pq^ and blood Pqq^ during., the. 
saline infusion (Figure 1 and Table 2). The Pq^ tended 
to increase during infusion .while Pqq^ decreased. This 
may have: been - due to increased ventilation from excit- ; 
ment Caused by the infusion procedure. Changes in these 
parameters from hour to hour were not consistent. .Con
tamination of the infusion apparatus with nitrite was 
ruled out due to the low methemoglobin values recorded 
during the.procedure.

In the experimental animals, there were marked 
decreases "in venous Pg^ (from 46.2 mm Hg at Hour 0 to 
34.5 mm Hg at Hour 6). There was also a significant 
inverse correlation (r - .95) between Pq  ̂ and per cent.
MHb through the first three hours of the nitrite infusion.:
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Table 2. The Effect of Saline.and Nitrite Infusion.on 
Venous Blood Pq  ̂, Pqq  ̂-> pH and Per Cent
Methemoglobin (MHb).

Time 
(Hours) p°o (mm Hg) ( ^ 0ilg) PH

MHb
(%).

Saline
0 35 39 7.42 0
1 34 35 7. 48 1.5 8
2 —- 34 7.6 3 0
3 37 37 7.63 0
4 — — — -
5 42 . 32 7 . 5.9 2.99

Nitrite
0 46. 2,±2. 31: 41.9*3.I1 7.37 5*.0451 3.19*1.271
1 36.5±1.6 41.7*5.0 ' 7.465*.046 11.01*1.27
2 : 3 3.7±2.6 41.4*4.0 7.409*.050 25.01^4.77
3 25.8±3.3 39.4*3. 9 . • 7.530*.032 35.01*4.78
4 27.6*5.8 36.5*4.3 7.521*.055 43.5 0*4.98
5 27.4*4.4 . 34.5*3.0 7.506*.000 55.41*7.19
6 2 31.9*8.8 33.8 - 2  . 2 7.483*.046 46.14*7.51

1. Standard error of the means, significant, at the . 05 level, 
of probability
2. One hour.post-nitrite infusion.



These results indicate that as MHb rose, the venous Pn2
fell until it was approximately half the original value 
(Figure 2). At this time3 the. animals began to pant in' 
response to hypoxia, A decrease in venous Pq^ was the 
probable cause of the increased respiration rate. This 
corresponds with levels reported by Guyton (8). It was 
noted that P q ^ was decreased by half the normal value 
when MHb had reached 35 per cent. This gives plausi
ble explanation of why the clinical signs of methemo
globinemia occur at this level of methemoglobin (3).

. Whentan animal goes into hyperpnea, it is try
ing to increase the amount of oxygen carried by the 
blood. The physiological adjustment is usually accompan
ied by an increase in heart rp-te. The animal, by in
creasing its respiration rate and cardiac output.,, increas
es the. rate"of gas exchange and amount of oxygen in the 
blood (8). In this experiment, however,. the nitrite- 
treated animals had a decreased oxygen-carrying'capacity 
due to the presence of MHb. As a result, the increased 
respiration was. only a maintained rather than an increased

po2*
;. ..•• During the 4th and 5th hours of infusion, and

the first hour post-infusion (Hour 6), there was a very 
slight rise in the Pgg level. This increase was probab
ly due to increased respiration.and increased cardiac 
output. It Can be seen in Figure 2 that the animals



were able to maintain a stable.Pq - value, utilizing-in
creased pulmonary ventilation even though the per cent 
MHb was still climbing linearly during this, period (35.5 
at Hour 3 to 55.41 at Hour 5). Immediately after the 
infusion was terminated, the per cent MHb started to de
cline .

When the respiration rate of the nitrite-treated 
animals was accelerated and venous Pq  ̂ increased slight- 
ly, there was a concommitant decrease m  venous 
(from 39.40 mm Hg to 3 3.82 mm Hg Figure 2). The decreased

PQO2 Was-'due partially to a lowered carbon dioxide (COg) 
level in the lungs, arising from the increased ventila
tion rate. Venous Pqq^ did not increase when the in
fusion period ended. This probably was due to a contin
ued high respiration rate through the sixth hour. The . 
Pqq2 stabilized during the last hour, at which time res
piration rate was probably diminished slightly due to 
the increased Pq^. These results indicate that the pant
ing caused by nitrite-induced methemoglobinemia not only 
maintained Pg^ but also decreased P^q^.

. The results presented here indicate that methemo- 
globin levels directly affect Pq  ̂ and indirectly Pq q  ̂
levels. These data may also give more understanding to 
why the clinical symptoms of methemoglobinemia appear 
at a 35 per cent level of methemoglobin. Holtenius (9) ■



reported that oxygen,.consumption and CO2 elimination were 
Slightly inereme#d up to 66 pep cent MHb. From this data, 
he concluded that nit:rito=£nduced vasodilatation was re- 

'.J> sponsible for the symptom^ of nitrate poisoning and not 
hypoxia. However, HoltenluB was measuring respiratory 
quotients, not blood gases which would have shown a .more.

\ accurate picture of gas trmn^

; mood pH / ;;; ■ • : '
The effect# of.nitrite'infusion:on blood pH were 

: 1 ..measured to determine, what role the kidhey plays in pH . ••••
, "regulation during mefhemoglobinemia.. :

- -The effect# of saline infusion (control treatment) 
on venous b:lood;VPp.0:»-and :pH/ are. tecorded / in Table 2 and ; 
Figure 1. There :was an unexpected decrease in PCq'2 when'-., 
the control animus wa#,: inf US @d: with., s aline. There was 
also-a sharp Increase in hleod pH during the first two 
hours followed by a gradual decline over, the remaining 
infusion period. Part of this ;.increase in pH. may have 
been due to the unaccountable decrease in PC02. As men
tioned earlier , .nitrite .contamination of the infusion 
equipment, which could have caused this pH increase, . 
could not be responsible'because of the .extremely low ■

. MHb. levels measured: in this animal. .
Results of the: 'Qontrol animal’ s urinary . volume, ' 

Pco2 and pH.(Table 3. and Figure 3) are also questionable .



Table 3. The Effects of Saline and Nitrite Infusion 
on Urinary. Pq q pH and Volume.

Time 
(Hours)

. pco2
(mm Hg)

. ' PH
Volume
(ml)

Saline
o ■ 120 6.42
1 47 7. 70 75
2 39 7.5 7 18 7
3 22 7. 71 ■258
4 45 7.86 2 76

.5 42 7 . 80 126
Nitrite .

0 48.5±10.1 7.26±.31 "--- -

1 . ---- 7.57±.35. IT. 9-4:. 2
2 53.6±13.5 7.76-.17 2 5 . 3 - 5 . 3 /
3 . 45.3± 6.6 7.64±.21 24.6-7.3

. . 4 5 3.7±14.7 <1 
• 

CO
 14- o 00 ,20 .9-3.8

5 54.5-14.7 8.00-.10 27.0-3.4
6 36.4± 7.6 7.39-.69 18.9—4.1
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because of the extremely high initial urinary and
volume. At the beginning of the experiment, urinary 
Pcq2 was double any value measured in the treated ani
mals prior to infusion. The urine .volumes recorded 
during saline infusion were 10-times those values meas
ured in the .experimental animals during nitrite infusion. 
During the measurement of organ function tests, however, 
24 hours prior to and 24 hours after saline infusion, 
the control animal’s urine volume was similar to that 
of the experimental animals. The latter results sug
gest that there were metabolic alterations in this ani
mal just prior to the time the saline infusion was 
started, and once the infusion began, these changes 
caused the differences seen in the blood data. It 
should also be noted that urinary Pqq2 did not in
crease as might be expected in response to the elevat
ed blood pH.. ' The animal’s urinary pH rose due to de
creased urinary Pqq^ during saline infusion between 0 
and 1 hour.

i The effect of nitrite infusion on blood .P̂ ^CD 2
and pH" are summarized in Table 2 and Figure 2. in. the 
treated animals, there was a marked decrease in blood 
Pqq2 . As Pq()2 decreased there was an increase in blood 
pH up to Hour 3, at which time pH fell in direct pro

portion to the decrease in P^q^.



Urinary Pqq^.rose from 4 8.5 mm Hg at Hour 0 to 
53. 6 mm Hg at Hour 2 (Table 3 and Figure 4). This was 
followed by a marked drop through Hour 3 and then an in-, 
crease up to Hour 5. After infusion waS terminated at 
hour 55 urinary PcG2 f^Tl rapidly from 54.5 to 36.4 mm 
Hg. Urinary pH paralleled the changes in urinary P^Og 
throughout the infusion and post-infusion periods.

When there is a; change in venous blood Pqq^ , 
there is a corresponding change in blood pH. Under 
normal conditions, most blood pH regulation is accom
plished through respiratory mechanisms. As an animal 
experiences hypoxia and increased ventilation, however, 
the normal mechanisms of blood pH control are disrupted, 
and regulation must then be accomplished by the renal 
system (8).

The nitrite-infused animals in this experiment 
had a decreased blood P^Qg which in turn raised the 
blood pH. To compensate for increased pH, the kidney 
actively conserved hydrogen ion by allowing bicarbonate 
to be excreted in the urine with sodium or potassium.
The,excreted bicarbonate ion originated from carbon di
oxide diffused from the blood into the urine.. Because 
urinary pH should be related.to this concentration of . 
bicarbonate ion (8), a regression analysis was run on 
urinary pH and Pqq^ • There was a direct correlation of
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+0.94 between these two variables.which was significant 
at the .05 level.

When. methemoglobin. levels, reached 3 5% in the . 
venous blood, it appeared that the kidney took over: pH 
regulation of the blood. This would indicate that 
kidney function is a major factor in the animal's at
tempt to relieve the stress caused by methemoglobi
nemia.

Kidney and Liver Function
Organ function tests were made to determine what 

effects nitrite infusion might have on the kidneys and 
liver, the two major detoxifying organs of the body. It 
should be noted that all tests were done 2.4 hours prior 
to infusion and then 24 hours post-infusion.

In the kidneys, two functions were measured;. 

phenolsulfbnphthalein (PSP) clearance, which is meas
ure of glomerular filtration and tubular secretion, and 
inulin clearance, which is a measure of glomerular fil
tration.

The results of these tests are shown m  Table 4. 
In the control animal (#172), there was little change 
in either inulin or PSP clearance rates. Experimental 
animals,.' howeveri, showed considerable within-treatment 
variation. PSP, and also possibly inulin clearance, in
creased in sheep #170 after nitrate infusion. Animal ■
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Table 4. The Effect of Nitrite Infusion on Renal 
Clearance of PhenolsuJfonphthalein(PSP) 
and Inulin.

24 Hours Pre-Infusion 24 Hours Post-Infusion.
Animal No. PSP (%)1 Inulin (%)^ PSP (%)1 Inulin (%)2

172 61. 9 9. 7 6 3.6 9. 4
131 87.0 46.4 72.0 22.3
170 77.0 13. 5 87.7 15.3
171 72.9 10.2 5 8.9 14.4
1714 72.9 14.0 58.9 9. 3

1. PSP is expressed as % excreted in urine 60 minutes after 
injection.

2. Inulin is expressed as % excreted in urine 60 minutes 
after injection.

■3. Determined from a 45-minute collection period.
4. Determined 7 days later after reinfusion with nitrite.



#131, on the other hand, showed a definite decrease in 
both clearance tests following infusion. When animal 
#171 was infused there was a decrease in PSP clearance 
and an increase in inulin clearance. A second nitrite 
infusion of this animal:several days later resulted in 
a slight decrease in inulin clearance compared to the first 
infusion level.

A change in inulin clearance represents a change 
in glomerular filtration. As inulin clearance increases, 
glomerular filtration also increases.• A change in PSP 
clearance represents either a change in renal blood flow 
or a change in the efficiency of the tubular secretory 
cells. The results of this study (inulin clearance data) 
gives no clear indication that glomerular filtration is 
affected by nitrite infusion. There is some suggestion, 
however, from the PSP clearance data, that tubular cell 
secretion of PSP from the blood into the tubular filtrate . 
may be. impaired.' This is demonstrated in animal #170 
and animal 171 after the second nitrite infusion (Table
4) .' . These results are supported by combined information 
from Ramon (16) and from Jaenike (13). Ramon had shown 
nitrite to cause hemolysis and Jainke had shown renal 
damage due to methemoglobin inj ections. With these two . 
factors in mind, it can be seen how nitrite could cause 
kidney damage indirectly. Supporting this data further 
are reports of renal complications due to elevated blood



nitrite levels by Simon et al. (23) and Sinclair and
Jones (24). Postmortem examinations, performed on two 
sheep that.died during the present experiment, or short
ly thereafter> revealed nephritis and hemorfage in the 
kidney.

The Bromsulphalein (BSP) clearance test was 
used as an indicator of liver function. Results of 
these measurements before and after infusion are shown 
in Table 5. All sheep prior to infusion had normal 
BSP retention as reported by Cornelius and Kaneko;(4), . 
the exception of animal #132, which had an elevated BSP 
retention (34.5%). This suggests that animal #132 may 
have been suffering from liver disfunction prior to ni
trite infusion. Under these circumstances, this ewe’s 
decreased BSP retention following nitrite,infusion, ' 
though still higher than would be considered normal, may 
not have had physiological significance as far as nitrite 
poisoning is.concerned. In the control animal (#172)  ̂
there was no change in retained plasma (BSP).. This lack 
of change indicates that the infusion procedure had no 
effect on liver function.

Nitrite infusion had a variable effect on BSP 
clearance. In sheep #17 0, BSP retention was greatly 
increased 24 hours following nitrite infusion (Table
5). In two other animals (#131 and #171), however,
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Table 5. The Effect of Nitrite Infusion on Liver 
Clearance of Bromsulphalein.

Animal No.

Plasma Bromsulphalein

24 Hours Pre-Nitrite 24 Hours Post-Nitrate

172 1.53 ’ 1.74
131 10.17 : 8.70
132 34.40 18.73
170 r—

1 

CO 34. 89
171 3.20 1.88
1712 3.20 12. 33

1. Expressed as per cent Bromsulphalein retained in 
the plasma 10 minutes after injection.

2. Determined 7 days later after re-infusion with 
nitrite.



nitrite infusion had no effect on per cent BSP reten
tion. Infusion one of these animals (#171) a second 
time, however, resulted in an increased BSP retention 
(Table 5). Urinary loss of BSP following nitrite in
fusion showed very little change from the pre-nitrite 
infusion levels.

BSP is cleared from the plasma by the paren
chymal cells of the liver, and the rate of BSP dis
appearance from the plasma is a measure of parenchymal 
cell function. In addition, because the parenchymal 
cells cannot remove BSP from the plasma until the blood 
has transported the dye to the liver, BSP clearance is 
also a measure of liver blood flow. Therefore, a high 
plasma BSP retention, as seen in sheep #170, and in 
#171 after the second nitrite infusion (Table 5), sug
gests a decreased blood flow to the liver, or a decreased 
efficiency of the mechanisms within the parenchymal 
cells that remove BSP from the plasmaWhile not com-. 
pletely conclusive, the liver function data obtained 
in this study suggests that, 1) a short exposure to 
nitrite may or may not cause liver disfunction; 2)
high methemoglobin levels or repeated exposure to ni
trite might cause some decreased liver function.

When the results of the liver function tests 
are compared with those of kidney f unction * several - 
points' are evident. In animal #170, while liver function



was impaireds kidney function (as measured by PSP clear
ance) was enhanced. These results suggest a possible 
redistribution of blood flow from the liver to the kidneys. 
In animal #131, kidney function was impaired but there 
was rid effect on liver function. This suggests that the 
kidney is more involved as a short term detoxifying organ, 
but during long-term or repeated exposure to nitrite, both 
kidney and liver are involved. This could explain why 
animals in prolonged exposure studies such as those re
ported by Setchell and Williams (22) and Diven, Reed and 
Pistor (5) died with relatively low MHb values. This im- . 
pairment of organ function from MHb induced hypoxia, might 
progress to total organ.failure, causing the death of . 
the animal. This, hypothesis will require further study 
to be proved..



CHAPTER 4

• SUMMARY

Four crossbred ewes were infused over a 5 hour 
period via jugular cannula with a 0.5 molar sodium ni- . 
trite solution to measure the effect of blood nitrite 
on blood methemoglobin (MHb), P02 ? Pc02 > and pH and uri
nary Pc02 >' PH and volume. Kidney and . liver function 
were also monitored to determine both the role of these 
organs' as detoxifying systems and the effect of nitrite 
on their ability to function. A fifth animal was infused 
with physiological saline and served as a control.

Blood MHb increased significantly in all nitrate- 
infused animals. Clinical signs of. methemoglobinemia 
appeared when MHb reached 35 per cent. Blood P02 decreased 
in proportion to the formation of MHb and resulted in 
hyperpnea when blood P02 levels reached one-half the pre
infusion value. Hyperpnea caused a decrease in blood .
PCO2 and resulted in increased blood pH.

Urinary pH increased as a function of nitrite 
infusion time. This rise in alkalinity was correlated 
with a similar increase in urinary Pqo2• It was postu
lated that as MHb increased, the ability of the respira
tory system to regulate blood pH was impaired and the 
kidney became involved in pH control 
■ . : ■ : • •' . ' ' ' 36 ' ' ., . . '



To measure the effect of nitrite infusion on 
kidney function, glomerular filtration, and tubular 
secretion were measured, using inulin and phenolsu]fon- 
thalein clearances. Glomerular filtration was not af
fected by nitrite infusion, although tubular secretion 
probably was decreased, suggesting an impairment in' 
kidney function.

Liver function, as measured by brdmsulphafein 
clearance, was not affected by single infusion of sodium 
nitrite. .However, repeated infusion of nitrite caus
ed a decreased clearance of BSP from the blood by the 
liver, suggesting progressive failure of this organ from 
prolonged exposure to nitrite.

From the results of this study, it was con-' 
eluded that: 1) methemoglobin-induced hypoxia was
responsible for the clinical symptoms of nitrite poison
ing , ' 2 ) changes in blood gas transport and ah inability
to regulate pH by the respiratory system caused an.in
creased role of the 'kidney in blood pH regulation, 3)
single doses of nitrite have very little effect on the 
kidney and liver function, but prolonged exposure to 
nitrite may cause progressive organ failure. It would 
appear that nitrite-induced methemoglobinemia can either 
directly, through acute hypoxia, or indirectly, through 
progressive organ failure, cause death in ruminants.
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Table 6. The Effect of Nitrite Infusion on Blood 
and Urine Measurements,.' . Animal #131,

Time of 
Infusion 
(Hours)

V enous Blood Urine
P°2 

(mm Hg)
PC0 2 
(mm Hg)

pH MHb
(%)

Volume 
(ml)

; pco2
(mm Hg)

PH

0 50 35 7. 332 6.09 .5 35 7.74
1 40 32 7.442 6. 3 36 32 8. 02
2 39 33.2 "7 .42 5 14. 7 7 12 33.2 7.91
3 .38 31.2 7.540 22. 2 7 9 31.2 7 . 38
4 41 2 8.2 7,484 24. 02 21 28.2 7.82
5 36 30 7.475 28.15 10 30 8,20
62 35 31. 8 7.490 31. 86

■
31. 8 7.96

1. Methemoglobin
2. One hour post-nitrite- infusion.
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Table 7. .The Effect of Nitrite Infusion on Blood 
And Urine Measurements. Animal #132

Time of
Infusion
(Hours)

Venous. Blood
° 2 

(mm Eg)
C02 

(mm Eg)
pH MHbJ

(%)

Urine
Volume P 
. (ml) .

C0.2
(mm Eg)

pH

0 40 46.5 7.435 1 . 0 --- -- 8.25
1 . 35 toCO 7.510 6.79 21 — — 8.2 2
2 31 46.5 7. 310 • 34.66 26 — 8.25
3 26 48. 0 7. 59 0 29.31 25 — 8.25
4 33.5 48 7.460 44. 91 21. 5 8.15
5 33.5 45. 5 7.5 85 65.64 25.0 — 8.20
62 46 39.0 7.590 49.27 18.0 o00

1. ..Methemoglobin
2. One hour post-nitrite, infusion.
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Table 8. The Effect of Nitrite Infusion on Blood 
And Urine Measurements. Animal #170. .

Venous Blood Urine
Time of 
Infusion 
(Hours)

- po2
(mm Hg)

. pco2
(mm Hg)

pH - MHb1 : 
(%)

Volume
(ml)

PC02 
(mm Hg)

pH

' 0 42 51 7. 35 1.51 - — 61 6.6
1 • 33 52 7.415 15.79 13 82 7.28
2 28 50 7.420 19.17 12.5 67 7. 24
3 19 50 i 7.375 ^ 35.58 12 . 0 63 7. 03
4 16 . 45. 7.390 49. 26 16 96 7.92
5 — — 31 7.345 6 8.51 . 20 . 95 8. 00
62 6.5 ' 2 9 7.292 : 57. 2 9 2 3 • - 5.55

1. Methemoglobin
2. . One hour post-nitrite infusion.
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Table 9. The Effect, of Nitrite Infusion on Blood 
And Urine Measurements. Animal #171.'

. . . Venous Blood .. ... Urine .
Time of . Pn PPnn pH MHb1 Volume Prno1 pH
Infusion 2 UU2 2 .
(Hours) (mm Hg) (mm Hg) (%) (ml) (mm Hg)

0 52 35.1 7. 392 3.47 28 6.825
' 1 38 34.2 7.495 15.17 13 6. 741
2 37 36. 0 7. 480 31.42 17 41.8 7.580
3 25 33.8 . 7, 53.2 50. 4 3 2 2 43. 5 7.62 8
4 ,20 33. 8 7.590 51. 46 2 8. 8 47.0 7.835
5 22 2 9.5 7. 5 85: 55.81 31 46. 0 7.960
62 40 35 . 5 7.56 24,5 41.0 7.660

1. Methemoglobin
2. One hour post-nitrite infusion.
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Table 10.. The Effect of Nitrite Infusion, on Blood.
And Urine Measurements. Animal #171. .. 
Second Infusion.

Venous Blood Urine
Time of 
Infusion 
(Hours)

P02 : 
(mm Hg)

PC02 
(mm Hg)

PH MHb1
(%)

Volume
(ml)

PC02 
(mm Hg)

PH

0 47 42.0 7. 385 3. 85 -- 70 6.87
1
2 — — — — — 35 42 7.81
3 . 21 34. 2 7.612 UD o 

.

O> 52 43. 5 7. 91
4 — — 27 . 5 7.. 6 72 47. 84 29 43. 5 .8.10
5 18 36 . 5 7. 540 59. 24 38 47 7. 62

1. ' Methemoglobin



REFERENCES

1. Bradley, W. B. , H. F. Eppson. and O.A. Beath, 19:39 5 
Nitrate as the cause of oat hay poisoning, J. 
Amer. Vet. Med. Assn., 94:541.

2. Bradley, W.B., H.F. Eppson and O.A. Beath, 19 41,
Methylene blue as an antidote for poisoning by 

• oat hay and other plants containing nitrates,
. J. Amer.. Vet. Med. Assn. , 96 :41-42.

3. Clarki, B.B. , E.J. VanLoon and W.L. Adams, 1943,
Respiratory and circulatory responses to acute 
methemoglobinemia produced by aniline,. Amer.
Journ. Physiol., 139:64-69.

4. Cornelius, C.E. and J.J. Kaneko, 19 70, Clinical
■ Biochemistry of Domestic Animals, Volume 1,
2nd Ed., Academic Press, New York.

•i . - -

5. Diven, R.H. , R.E. Reed, W.J. Pistor, 19 64 , The •
physiology of nitrite poisoning in sheep, Ann.
New York Acad. Sci.,, .Volume. III,:.6 38,-64.3.

6. Evelyn, K.A. apd H.T. Malloy, 19 38,. Microdeterrnin-
.ation of oxyhemoglobin, methemoglobin in a 
single sample of blood, J. Biol. Chem. 126:655-622

7. Franzke, C. J. , L.F. Puhr,. and A.M. Hume, 1939 , A
study of sorghum with reference to the content 
of HCN, S. Dak. Agr. Sta. Techn. Bui. 1.

8. Guyton, A.C., 19 69, Textbook of Medical Physiology,
3rd Ed., W.B. Saunders Co., Philadelphia, Pa.

9. Ho It'en i us, P.., 1957 , Nitrite poisoning in sheep,
with special reference to the detoxification of 
nitrite in the rumen, Acta Agr. Scand., 7:113-163

10. Hueper, W. and J.W. Landsberg, 1940, Experimental
studies in cardiovascular pathology. Pathologic 

. changtes in the organs of rats produced by chronic 
nitrite poisoning, Arch. Path. , 29 :63 3-648.

44



11*;... Hynsonj Westcott and Dunnings Inc. ,1964 : 
. Bromsulphalein, Baltimore, Maryland.

45

12. Hynson, Westcott and Dunning, Inc., 1969: -
'Phenolsulfonphthalein, Baltimore, Maryland.

13. Jaenike, J.R., 1969 , Micropuncture study of metMemo-
■globin-induced acute renal failure in the rat., . 
j. ..Lab. and Clin. Med., Volume 7 3 : 459-468.

14. Mayo, N.S., 189 5, Cattle poisoning by nitrate of
potash, Kan... State. Agr. Bui. 49.

15. Newsom, I.E., E.N. Stout, F. Thorp, Jr., C.W. Barber
and A.H. Groth, 1937, Oat hay poisoning, J. Amer.
Vet. Med. Assn., 90:66-7 5.

16. Ramon, A.E.P., 19 70 , The hematology of mice exposed
to nitrogen dioxide, Ph.D. Dissertation. Depart
ment of Biological Sciences, University of Utah.

17. Rimingtdn, C. and J.I. Quin, 1933, Studies on. the
photosensitisation of Animals in South Africa,
IT, The presences of a lethal factor in certain. 
members of the plant genus tribulus, Onderstepoost 
Jour. Vet. Sci. , 1: 469-489. ..

18 . " Roe ,. J . H. , Epstein , J. H. and Goldstein , N. P. , .1949:,
A photometric method for the determination of 
inulin in plasma and urine, J. Biol. Chem. 17 8:
839.

19. Ruch, T.C and H.D. Patton, 1965, Physiology and Bio
physics , 19th Ed., W.B. Saunders Co., Philadelphia, 
Pa.

20. • Sapire, M,.L. , S. Hbflund , R. Clark and J. I. Quin,
1949, Studies of the alimentary tract of the 
merino sheep in South Africa, XVI, The fate of 
nitrate in ruminal ingesta as studied in vitro, 
Onderstepoost Jour. Vet. Sci. 22:357-372.

21. Savage A.,1949, Nitrate poisoning from sugar beet
. tops, Canad. Jour. Comp. Med., 13:9-10.



46
22. Setchell, B.P. and A.J. Williams, 1962 , Plasma

nitrate and nitrite concentration in chronic 
and acute nitrate poisoning in sheep, Austral. 
Vet. Jour., 38:5 8-62.

23. Simon, J., J.M. Sound, F.D. Douglas, M.J. Wright,
and T. Kowalczyk, 1959, The effect of nitrate 
or nitrite when placed in the rumens of preg- 
mant dairy cattle, J. Amer. Vet. Med. Assn., 
135:311-314.

24. Sinclair, K.B. and K.I.H. Jones, 1967, Nitrite
toxicity in sheep, Res. Vet. Sci., 8:65-70.

25. Steel, G.D. and J. H. Torrie, 1960, Principals
and Procedures of Statistics, McGraw-Hill 
Book Co. Inc., New York, New York.

26. Thorp, F. , 1938 , Further observations on oat hay
poisoning, J. Amer. Vet. Med Assn., 92:159-170

27. Wang, L.C., J. Garcia-Rivera and R.H. Burris, 1961, 
Metabolism of nitrate in cattle, Biochem. Jour., 
81:237.




