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ABSTRACT 

To assess adverse effects that might be caused by an event resultioa ID high le"els of 

barium iia drinking water, rats were gavaged with barium chloride (BaO:a at dosage levds 

of 30, 100, and 300 ma/kg, in a 1-day study and at 100, 145, 209, and 300 mg/kg for 10 

days, and the effects were determinl!d •. LD$0 values for male and female rats were found 

-- -to-be-4-19--(352-499) and 408 --(342-487)- mg/kg BaO:h--respeetbreiJ .. _faJile 1-day exposure 

study, decreases in body weight and linr/brain weiaht ratios and increase In kidney 

weight as a percentaae of body weight appeared to be related to bUlom ingestion at 300 

mglkg. After 10 days of exposure to barium, suf'Vi'Val of females was substantially lower 

at 300 mg/kg. A reduction in o"arles/brain ratio at 300 ma/kg appeared to be barium­

induced. There was a decreast In BUN at 300 ma/kg in males and at all dose levels in fe­

males. No other effects were attributed to barium. Histopathological findings were nega­

tive in both the 1- and 10-day studies. It is concluded that short-term oral exposure to 

Ba01 at doses up to 209 mg/kg produces no significant adverse health effects. 

SC:: /S # 

INTRODUCfiON 

B-AIUUM JS AN ALLUJNE EA.IlTB METAL. Its biochemical behavior is very similar to that of calcium 

and maanesium. Potential adverse health effects of barium include the replacement of calcium 

in bones and stimulation of all types of muscle tissue. 

Concentrations of barium in public water systems in the U.S. have been found to range from l to 

172 "g/L, with a mean of 28.6 "g/L.111 The 100 largest cities in the nation had a median concentra­

tion of 43 1'8fL, with a maximum of 380 paiL' 11 Naturally occurring barium in drinking water has 

been found to exceed the maximum contaminant level of I mg/L in some areas of nonhcrn Illinois 

and northeastern Iowa. w Brenniman et al. m reported IOD7o higher mortality rates in Illinois com-

'Department of PhafmacoloaY and Toxicoqy, Medical Colle&c of VirJinia, Richmond, Vir&inia. 

JU.S. Environmental Protection Aaency. Cincinnati, Ohio. 
Disclaimer: This document has bml reviewed in accordance with U.S. Environmental Protection AacncY 

poUc:y throUJb Cooperative Aareement CR-812558 and Air Force lAG RW-S7931277to the Medical Collele of 

Vir&inia and approvect fCK publication. Mention of trade names or commercial products does not constitute en­

dorsement or recommcndalion for UJC. 
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munidcs with high levels (2-10 ma/L) of barium iD drinkina water. Deaths attn"buted t~ 
disease were lS'II higher than in low barium areas. · 

Roza and Berman'•' reported that the administration of barium ~dr (BaO,) or barium car­
bonate to dop raulted in a combinad.m of ectopic venuicular contractions. ventric:ulat tac:by. 
cardia; skeletal muscle paralysis. salivat&on, diarrhea, hypertension. and, rmaUy. respiratory.,.... 
ysis and ventricular fibrillation. These responses were laracly attributed to a marked hYJJOk~ 
since potassium administration prevented or reversed aU these effects, except .the hypertension. 

Acute toxicity from oral exposure to BaOz has been reported to occur in humans at a dose of 80 
miJ'kg. ''' The primary effects of barium in an acute toxic episode reflcc:t aencralized muscle stUQu.. 
lation ~hroughout the body.'" Cardiovascular effects include a substantial rise in blood pressure 
due primarily to generalized vasoconstriction. Additional hypertensive activity results from bariwn. 
induced catecholamine release from the adrenal medulla.''' Perry et al. ''' found that chronic: expo­
sure (1-16 months) of rats to 10 or 100 ppm barium in drinking \Yater c:aused increases in blood 
pressure. However, in a study of blood pressures of people living in areas with high or low drinking 
water barium levels, Brenniman et at."' found no differences in the incidence of hypenension or in 
the average lcvcl of diastolic pressure. 

The acute toxidty of barium varies with tbe solubility of the salt iD water end biological mem­
branes.' ••• Tbe soluble chloride and carbonate forms arc more toxic than the relatively . insoluble 
sulfide and sulfate.1111 

Tardiff et al. em reported oral LD .. values for barium of 220 mglta (500 mglka Baaa) for wean­
Una (21-2S-day-old) rats and 132 mglkg (300 mslka BaClil for adult anirqals. Tardiff et ill. uz, also 
expoSed rats of both sexes to 0, 10, SO~ or 2SO ppm of barium as BaCia. in drinkina water for 4, 8. or 
13 weeks. The mean doses in mglka/day ranged from I. 7 ~o 4S. 7. No adverse: effects related to bar· 
ium ingestion were observed. Increasins me dose but not the duration of exposure produc:ec:t related 
increases in barium concentrations in liver. skeletal muscle, heart. and bone, with the highest con-
centrations observed in bone. ·· ······-· ·· - · -, · " , · -· ·- -- ----·-·----

The present study, involvins l.day and 10-day exposure periods and ConSiderably rusher doses . 
than those used by Tardiff et at., em was undenakm to simulate l'tuman exposure conditions that 
mi&ht occur after an accident or spill situation resulting in relatively high levels of barium in drink­
ing water. Objectives were to identify health effects that would be associated with such an exposure 
and to provide the EPA with data that could be used to deal with such a situation. 

METHODS 

Animals tmd housing 

Male and female SpraJUe-Dawtey derived CD rats. 22-30 days of age (100-l2S &), were obtained 
from aWtes River Breeding Laboratories. Witlninston, MA. Rats were computer randomized, 
cased ·individually, and quarantined for 1 week before initiation of the studies. The rau were 
housed in stain1as steel wire-bottomed suspended cases in an environnicntally conttoUcd room on 
a 12-h iighi-dark cycle with a temperature ranse of 21 to 24°C and a humidity ranae of 30 to 700ft. 
The ratS within any exposure level were caged venically to ·minimize light, temperature, and airflow 
differences. between exposure groupS. Purina Rodent Chow No. SOOl (Ralston Purina Co., St. 
Louis, MO) and water were available ad libitum. 

Materials 

Ba01 (Lot No. 20245L, 99+ ~purity) was obtained from Aldrich Cbemica1 Company, Milwau­
kee. WI, and was used throughout the studies. BaCia was adm.iDistered by oral gavage employina 
16- or 18-pup pvage needles and plastic disposable syringes. BaCia \vas nor Jive~J in drinking 
water because rats had an aversion to solutions sufficiently concentrated to yield the doses we 
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wished to achieve. In a separate study to determine the median lethal dose. male and female rats 

were gavagcd with BaCla in deionized water over a dosage range of 60 to 960 mg!kg using 1.2Vfe 

and 4.80Jo solutions. 0. 7S!fe and I.SO!e deionized water solutions of barium chloride was prepared 

daily for the 1-day _and H)-day studies. Doses were delivered at a volume of 4.0, 6. 7, and 20.0 

ml/kg body weight for the 1-day study and at a volume of 6.7, 9.7, 13.9, and 20.0 mVkg body 

weight for the 10-day study. Vehicle controls received deionized water at a dose of 20 mVkg body 

weight . 
. Male arid female Sprague-Dawley derived CD rats were divided (computer randomization) into 

groups consisting of 10 males and 10 females per group. The experimental groups for the .J~ay 

study were (1) deionized water vehicle (20.0 ml/kg body weight) and dosage groups receiving (2) 30 

mg/lcg, (3) 100 mg/kg, and (4) 300 mg/kg of BaCh. The experimental groups for the 10-day study 

were (1) deionized water vehicle (20.0 mllkg body weight) and dosage groups receiving (2)100 mg/ 

kg, (3) 145 mg/kg, (4) 1dJ mg/kg, and (5) 300 mglkg BaCia. For the l·day study, rats were de­

prived of food but had free access to water for 16-18 hr before being dosed between 8:00 arid 10:00 

AM. Animals were observed continuously for appro,Umately S br after dosing for the 1-day study 

and twice daily with at least S hr between observations for the 10-day study. Body weights were de­

termined initially (day 1) and at termination of the study (24 hr after dosing) for the 1-day study. 

Body weights were determined at days 1, 5, and at termination (day 11) for the 10-day study. At the 

termination of the studies, animals were subjected to necropsy. Organ weights, ~rinalysis, and vari­

ous hematological and clinical chemistry parameters were determined. 

Hematology 

The rats were weighed and anesthetiicdWitnetlier~andolbud was toUetted by cardiac puncture 

into 3.00Jo sodium citrate (1:10 citrate to blood) for the hematological stUdies and into uncitrated 

tubes for the ·serum chemistries. A Coulter counter (Model Z8l) was used to determine leukocyte, 

erythrocyte, and platelet numbers. Microhematocrits were detenilined, and hemoglobin was as­

sayed as cyanomethemoglobin. Leukocyte differentials were ~valuated by the classic Weight's 

Giemsa staining procedure. Prothrombin times and plasma fibrinogen levels wete determined· (re­

agents from Data Diagnostics. Inc., Miami, FL). 

·Serum chemistries 

Serum chemistries were determined uSing. an Abbott Biochromatic Analyzer and diagnostic 

chemistry kits from Abbott Labs, N. Chicago, IL, and Sigma Chemical Co., St. Louis, MO. Serum 

ion concentrations were determined with a flame photometer and a chloridometer. Serum· chemis­

tries inclu~ed SQPT (ALT), SOOT (AST), ALP, BUN, protein, glucose, cholesterol, bilirubin, 

creatinine, Calcium phosphorus, albumin, and chloride. · 

Urinalysis 

Urinalyses were performed with Labstix Reagent Strips (Miles Laboratories, Inc., Elkhari, IN). 

Necropsy 

Animals were killed with ether. Gross pathological examination was performed, followed by the 

removal and weighing of selected organs (brain, liver. spleen, lungs, thymus. kidneys, and testes or 

ovaries). AU tissues were preserved in IO'Ie neutral buffered formalin. Histopathological evaluation 

was performed on liver, kidney, and _bean tissue. 
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Statisticlll evaluation 

All data were subjected to an analysis of ~arianc:e and test for bomoaencity and a Dunncti's 
t-test. Nonhomogeneous data were subjected to a Wilcoxon Rank Sum Test. Those values that ctif- · 
fercd from the vehicle lfOUp at P s O.OS were considered significant. The acute oral LD. values 
were calcu1ated using the method of Finney.11 .. 1 

RESULTS 

Median lethal dose 

The LD. and ~"'• confidence limits for male and female rats were 419 (352-499) and 408 (342-
487) mg/kg Baa .. resptctivdy. Approximately 90c.v. of deaths occurred within$ hrs of barium ad­
ministration. Primary necropsy findines were hemorrhagic areas in the stomach and inflammation 
of the intesli~. 

One-day exposure 

Body weigh/ chonges and mortality. Body weights of male and female rats exposed to 30-100 
ma/kJ Bacia increased within a ranse of 6.0 to 9.41ft. Males and females m:civins.JOO mlfk& 
showed a decline in ·body weisht of 7.4 and 2.8C.V.. respectively. There were no sianif~t siaDs of 
intoxication. No deaths occurred at the two lower doses. However. at 300 malta. 8 of 10 males 
and 7 of 10 females died within 24 br. Chanaes observed at necropsy in a majority of male animals . 
at the 300 mg/k& dose onJy included an ocular discharge. fluid in the traChea and darkened 6ver. 
Inflammation of the small and large intestines was seen in both sexes at 300 mg/kg. 

Body and organ weights. Body and organ weight values are shown in Tables 1 and 2. At 30 and 
100 mg/kl BaCI3. there were no significant differences from vehicle control in males. In females. 
the IUJ1851brain weight and ovaries/brain weight ratios were sianif'Jcantly lower at 30 uq/kg. At 300 
mglkg. both sexes exhibited significantly lower body weights. lower liver/brain weight ratios. and 
high kidney/body weisht ratios. In males only. liver weisht was significantly reduced at the hishest 
dose. 

Clinical chemistry. There were no significant differences at 300 msfkg in either males or fe­
males. Inaeases seen in SGPT (AL n. SGOT (AST). s~-nucleotidase and phosphorus at 30 and/or 
100 mglkg were not dose related. 

H~111111ology. Hematological values exhibited no significant diffcrcnc:cs from control in either sex 
at dosage levels of 30 and 300 mg/kg. There were elevations in he~obin and hematocrit in males 
receivina 100 mg/ka. Coagulation data and differential ceU counts indicated no significant differ­
ences from control in either sex at any of the dosage levels. 

Ten-day exposure 

Body wight changes and mortality. The mean body weight of all groups increased between day 
I and the termination of the study. The only deaths observed were f male rat in the 209 mg/kg 
group and 3 of 10 females receiving 300 mg/lcg. There were no consistently observed pathological 
findinJS at necropsy. 

Body and O'fan weights. As shown in Table 3, none of the values were signifacantly different 
from vdtide control for male rats. Females (Table 4) exhibited significant decreases in liver/brain 
weight ratio at 145 mg/kg. kidneys/brain weight ratio at 100. 14S. 209 (but not 300) m&fkg. and 
ovary weight and ovaries/brain weight ratio at 300 mglkg. 

Clinical chemistry. As indicated in Tables S and 6. the only signifiCallt differences in clinical 
chemistry values were decreases in the BUN at 300 maJkg in the male rats and at all four dosage 
levels in the females. 
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TABLE l. TElUliNAL BoDY AND ORGAN WEJGHTS FOR SPRAGUE-DAWLEY DEIUVED CD MALE RAts 
EXPOSED TO BARWM CHLORIDE FOR. I DAy BY OR.AL GAV AGE8 

Barium chloride (mg!lcg) 
Vehicle 

Paramerer (deionized warer) 30 /00 300 

No. of animal&tgroup 10 10 10 3 

Body weight (g) 217 ::t: 7 210 * 6 209 * 6 181 * lOb 

Brain (g) 1.82 ::t: 0.04 1.87 ::i: 0.05 1.75 * 0.07 1.81 = 0.06 

(OJo body weight) 0.85 ::t: 0.03 0.89 ::i: 0.03 0.85 * 0.04 1.00 ::t: 0.04 

Liver (g) 12.58 % 0.68 12.26 * 0.46 12.32 = 0.52 9.25 ::t: O.SJb 

('lo body weight) 5.79 ± 0.22 5.83 * 0.14 5.88 ::t: 0;16 5.10 ::t: 0.26 

(liver/brain weight) 6.93 ± 0.37 6.58 ::t: 0.19 7.13 * 0.42 5.10- ::t: 0.29b 

Spleen (g) 0.50 ::t: 0.04 0.50 = 0.02 0.47 ::t: 0.02 0.41 ::t: 0.02 

('lo body weight) 0.23 ::t: 0.01 0.24 ::t: 0.01 0.23 ::t: 0.01 0.23 = 0.01 

(spleen/brain weight) 0.28 ::t: 0.03 0.27 :i: 0.01 0.27 :i: 0.02 0.22' ::t: 0.01 

Lungs (g) 1.20 :i: 0.12 1.29 = 0.11 1.13 = 0.07 0.97 ::t: 0.13 

(D7o body weight) 0.56 :i: 0.06 0.63 :i: 0.07 0.54 ::t: 0.03 0.53 = 0.04 

(lungs/brain weight) 0.66 :i: 0.06 0.69 ::i: _0.05 0.65 % 0.05 0.53 ::t: 0.05 

Thymm.JlL ___ 0.63. ::t: 0.06 0.52 = 0.02 0.59 ::t: 0.02 0.43 = 0.04 
-··- -· --- -··-

o.i9--~ o.oi- --(DJo body weight) 0.25 ::i: 0.01 0.28 ::t: 0.01 0.24 ~ 0.02 

(thymus/brain weight) 0.35 ::t: 0.03 0.28 = 0.02 0.34 ::t: 0.02 0.24':1: 0.02 

Kidneys (g) 2.05 = 0.08 2.07 = 0.06 2.06 = 0.07 2.01 * 0.20 

(D7o body weight) 0.95 * 0.03 0.99 = 0.03 0.98 ::t: 0.02 1.10: O.OSb 

(kidneys/brain weight) 1.13 * 0.04 1.11 * 0.03 1.19 :1:: 0.07 1.11 :1:: 0.08 

Testes (g) 2.29 = 0.07 2.25 -:i: 0.04 2.28 = 0.07 2.00 = 0.12-

(DJo body weight) 1.07 :i: 0.04 - 1.08 ::t: 0.03 1.09 = 0.02 1.11 = 0.06 

(testes/brain weight) 1.27 :I: 0.05 1.21 ± 0.04 1.32 = 0.08 1.11 ::t: 0.04 

•Values are means ± SEM. 
bValucs are signifiQJltly different from vehicle control at P :s 0.05. 

Hemarology •. ln males, the only signifJC81lt difference in hematological values was a decrease in 
leukocytes at 209 mg!kg. AU results were negative in females. Coagulation data and differential cell 

counts revealed no significant differences. 

_ Histopalhology. Examination of liver, kidney, and heart tissue revealed no lesions or changes 

that were considered to be related to the administration of barium chloride. Various tissue changes 

were seen occasionally in treated or control groups, but they were of the type encountered in male 

and female laboratQrY rats and .were not considered to be related to the conditions of the test. 

DISCUSSION 

The LDso values reported here are slightly higher than the 300 mg!ka found by Tardiff et 11. 1111 

in a comparable study. Syed and Hosain1141 found the LD.., to be 19.2 mg Balk& after inttavenous 

administration of barium chloride to mice, conditions very different from the present study. 
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TABLE 2. TEDDN.u BoDY AND OaOAN WEIORTS Foa SPRAGUE-DAWLEY DoJvm CD FEJUU h11 
EXPOSED TO BA.IUUM CHLORIDE Fcm. l DAY 1\' 0a.u. GAVAG&• 

&rillm ch/ol'ide (mglkl) 
Vehide 

PtutlmeJer (dtionk«l water) JO 100 300 

fifo. of animals/group 10 10 10 7 

Body weight (g) 163 :!: 3 167 z 4 162" z 4 144 * 6b 

Brain(&) 1.66 :k 0.04 t.n * o.o3 1.73 * 0.03 1.68 * 0.04 

<•• body wei&ht) 1.02 * 0.03 1.03 * 0.02 1.08 * 0.03 1.18 * 0.07 

liver (g) 9.69 :1: 0.36 9.88 * 0.37 9.82 * 0.17 8 . .0 * 0.52 

c•· body wei&ht) 5.95 * 0.21 5.91 :t: 0.15 6.11 * 0.18 S.80 * 0.19 
(liver /brain weight) S.86 :t: 0.21 5.76 * 0.~ 5.69 * 0.12 5.03 * 0.33b 

Spleen(&) 0.43 * 0.02 0.40 * 0.03 0.39 * 0.02 0.40 * 0.03 
('II body weight) 0.26 * o.cn 0.24 * 0.02 0.24 :1: 0.01 0.28 ... 0.02 

(spleen/brain weight) 0.26 * 0.01 0.23 * 0~02 0.23 :!: 0.01 0.24 * 0;02 

Lungs(&) 1.14 :1: 0.06 1.04 * 0.04 1.29 * 0.09 1.26 ... 0.10 

('Te body weiabt) 0.70 :1: 0.03 0.62 * 0.03 0.80 * 0.06 o.sa * o.m 
Oungs/brain weight) 0.69 :t: 0.03 0.61 :t: 0.021t 0. 1S :t: O.OS o.76 * o.m 

Thymus (g) 0.50 * o.os 0.49 * 0.03 0.53 * 0.04 0.49 * 0.04 
(Ole body weight) 0.31 * 0.03 0.20 :1= 0.02 Q.33 * 0.03 0.34 :1= 0.02 

(thymus/brain weiabt) 0.31 * 0.03 0.28 :1= 0.02 0.31 ::1:: 0.02 0.29 :1= 0.03 

Kidneys (g) 1.72 :1: 0.04 1.76 * 0.08 1.76 * 0.04 1.79 :!: 0.11 

(tfe body weight) 1.05 * 0.03 1.05 :1= 0.03 1.09 * 0.04 1.2S :1= 0 .06b 
(kidneys/brain weight) 1.04 * 0.03 I.OZ * 0.04 1.02 * 0.02 1.08 * 0.09 

Ovaries (g) 0.13 :1: 0.01 0.11 * 0.01 0.13 * 0.01 0.12 * 0.01 
(life body weight) 0.08 * 0.01 0~07 * 0.01 . 0.08 * 0.01 0.09 * 0.01 
(ovaries/brain weight) 0.08 ::1:: 0.01 0.07 :t: O.OJb 0.08 = 0.01 0.07 :1: 0.01 

•Values are means * SEM. 
~»Values are sipificantly different from vehicle CO':itrol at P s O.O.S. 

In the 1-day exposure study. considerably higher mortality was observed at 300 mlfkg than in 
the 10-day study. Presumably,.this reflects the fact that the animals were fasted before 1-day expo­

sure only. ThC effects on body weight and liver and kidney weights.after a sin&le dose of 300 mlfk& 

appear to be related to barium. The differences in lung and ovary weight rati01 at 30 mg/kg in fe­
males iD the 1-day study apparently are not compound related, since these effects were not ob­
served at the higher doses. 

When rats were exposed to barium for 10 days, a substantial effect was seen on survival in fe­

males at the highest treatment levd (300 mglkg). Body weights were not affected. In the longer­
term study by Tardiff et al., 1121 no effects were seen on mortality or body weight at exposure levels 

in drinking water of 10, SO, and 250 mg/L. 
In female rats in the 10-day study, the decreases seen in liver/brain and kidneys/braiD weiabt 

ratios are probably not compound related, since they were not evident with the hiahcst dose. The 

reduced ovaries/brain ratio at 300 mg/kg is more likely to be barium induced, particularly since it 

is consistent with cbanaes observed in the 1-day study. 
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TABLE 3. Boov AND ORGAN WEIGHTS FOR SPRAGUE-DAWLEY DF.IUVF.D CD MALE RATS EXPOSED TO BAlliUM CHLORIDE 
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Parameter 

No. of animals/group 

Body weight (8) 

Brain (I) 
('It body weight) 

Liver(&) 
('II body weiaht) 
(liver/brain weiJht) 

Spleen (I) 
('It body weiaht) 
(spleen/brain weight) 

Lunp (g) 

('II body weight) 
(lungs/brain weight) 

Thymus (g) 

(.,. body weisht) 
(thymus/brain weight) 

Kidneys (g) 

( .. body weisht) 
(kidncyslbrain weight) 

Testes (8) 
('II ~"'!!y weisht) 
(testes/brain weisltt) 

•Values are means :1: SEM. 

Naive 

10 

261:t::9 

1.82 :t: 0.04 
0.70 ... 0.03 

14.79 :t: 0.71 
5.77 .:1:: 0.42 
8.17 '*' 0.41 

. 0.57 * 0.03 
0.22 * 0.01 
0.32 '*' 0.02 

1.60 :f:: 0.06 
o.63 :t: ·o.os 
0.88 :t: 0.03 

0.66 :t: 0.03 

0.25 * 0.02 
0.36 :t: 0.02 

2.80 ... 0.08 
1.09 :t: 0.06 
J.SS :t: 0.06 

2.61 ::1: 0.10 
1.02 :t: 0.06 
1.4.5 .:1:: 0.07 

FOR 10 DAYS BY ORAL GAVAOE• • 

Barium e,hlorlde (nrglkg) 
Vehkle 

(deioni~ed water) /00 145 209 300 

10 10 10 9 10 

260 s 5 261 :1: 6 260 :f:: 5 268 s 6 253 s 5 

1.90 :t: 0.04 1.80 :t: 0.03 1.83 ... 0.02 1.91 :1: 0.03 1.88 ... 0.02 
0.73 ... 0.02 0.69 :1: 0.02 . 0.71 ... 0.02 0.72 ... 0.02 0.75 :f:: 0.02 

13.95 :i: 0.41 14.46 :i: 0.38 13.91 ::t: 0.48 15.72 :1: 0.61 14.15 ::t: 0.48 
5.36 .:1:: 0.10 5.56 ::t: 0.13 5.33 '*' 0.13 5.86 '*' 0.17 5.61 '*' 0.22 
7.41 '*' 0.34 8.06 '*' 0.25 7.60 '*' 0.30 8.21 :1: 0.26 7.53 '*' 0.27 

0.58 '*' 0.02 0.57 '*' 0.02 0.52 '*' 0.02 0.52 :1: 0.02 0.53 '*' 0.02 
0.22 ::t: 0.01 0.22 :t: 0.01 0.20 ::1: 0.01 0.19 ::t: 0.01 0.21 ... 0.01 
0.31 :f:: 0.01 0.31 '*' 0.01 0.28 '*' 0.01 0.27 :t: 0.01 0.28 '*' 0.01 

I.SO :t: 0.07 1.50 :t: 0.04 1.40 :t: o.os 1.57 :t: 0;06 1.39 :f:: 0.05 
0.58 :t: 0.02 O.S8 ::1: 0.02 O.S4 ::1: 0.02 0.59 :t: 0.02 o.ss :f:: 0.02 
0.80 :t: 0.04 0.84 :t: 0.03 0. 76 :1:.0.03 0.82 ::1: 0.03 0.74 :t: 0.03 

0.64 * 0.04 0.62 ::1: 0.04 0.58 :t: 0.03 0.60 :1: 0.02 0.58 :t: 0.05 
0.2S :t: 0.02 0.24 :t: 0.02 0.22 ... 0.01 0.22 ::i: 0.01 0.23 :t: 0.02 
0.34 :t: 0.02 0.34 * p.o2 0.32 :1: 0.02 0.31 :1: 0.01 0.31 :I: 0.03 

2.63 ::1: 0.08 2.54 ... 0.08 2.54 :I: 0.07 2.48 :I: 0.17 2.53 :1: 0.07 
1.01 :t: 0.03 0.98 :t: 0.03 0.98 ::1: 0.02 0.93 :1: 0.06 1.00 ::1: 0.02 
1.39 :t: 0.06 1.42 ... 0.04 1.39 '*' 0.04 1.29 :t: 0.08 1:35 ::1: 0.04 

2.64 "' 0.07 2.40 ... 0.08 2. 70 :1: 0.06 2.64 :1: 0.06 2.62 '*' 0.12 
1.02 :1: 0.03 0.93 ::1: 0.03 1.04 :t: ().03 0.99 :1: 0.04 1.04 ::1: o.os 
1.40 :t: 0.04 1.34 ... 0 .. 04 1.47 ::t: 0.03 1.38 :1: 0.04 1.39 '*' 0.07 
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TABU! 4. BoDY AND OlOAN WEIGHTS FO.R SPkAOUE-DAWLEY DI!R.IVED CD FEMAU! RATS EXPOSED TO BAIUUW CHLORiqE 
· · PO.R 10 DAVS BY OkAl 0AVA0Ea 

Bllrlum chlorith (mglk&) 
Vehicle 

Parr~meter Naive (deioniud water) 100 14J 109 JOO 

No. of animals/sroup 10 10 10 10 10 7 

Body weisht (B) 195 z 4 199 z 6 189 z 4 186. 3 190. 3 196 z 13 

· Brain (J) Ul z 0.03 1.70. 0.04 1.75 z 0.0.3 1.75 z 0.04 1.79 z 0.03 1.70 z 0.04 
<"• body weight) 0.9.3 :i:: 0.02 0.86 z 0.03. 0.93 :i:: 0.02 0.94 :i:: 0.01 0.94 ::i:: 0.03 0.88 z 0.04 

Liver (B) 10.45 '* 0.29 10.76 :i:: 0.36 10.17 :i:: 0.34 . 9.75 z 0.17 10.65 z 0.33 9.98 :i:: 0.53 
('lt body weight) 5.35 :i:: 0.12 5.40 '* 0.11 5.37 ~ 0.13 5.24. 0.08 5.61 '* 0.14 5.14':*:: 0.17 

~ (liver/brain wei&ht) 5.78. 0.07 6.39 :i:: 0.19 s:8l '* 0.20 5.60 :t: O.lJb 6.00 :i: 0.23 S.87 z 0.22 

Spleen(&) 0.48. 0.01 O.Sl • 0.03 0.45 '* O.Ol 0.45. 0.02 0.48 • 0.03 0.44. 0.02 ~ 
(.,. body weight) 0.25 :t: 0.01 0.26 '* 0.01 0.24 :i:: 0.01 0.24 * 0.01 0.25 * 0.01 0.23 * 0.02 ... 
(spleen/brain weiaht) 0.27 * 0.01 0.30 * 0.01 0.26 '*' 0.01 0.26. 0.01 0.21 * 0.02 0.26 * 0.02 ~ 

> 
Lunss (&) 1.44 * 0.07 1.33 * 0.07 t:38 * 0.01 1.31 * 0.08 1.32 * 0.06 1.16 * 0.04 ~ 
('It body welsh&) 0.74 * 0.04 0.67 * 0~04 0.73 * 0.05 0.70 * 0.04 0.70 * 0.03- 0.66 * 0.04 ~· (lunas/brain weiaht) 0.80 * 0.04 0.79 * 0.04 0.79 * 0.05 0.7.5 z 0.05 0.74 * 0.03 0.75 * 0.03 ·( 

ThymUI (a) 0.65 * 0.03 0.65 * 0.04 0.56. 0.02 0.51 * 0.02 0.56. 0.04 0.61 * 0.04 
('lo body weiJht) 0.33 * 0.01 0.33 * 0.02 0.30 * 0.01 0.30 * 0.01 0.30 :i: 0.02 0.32 * o.oz 
(thymus/brain weiaht) 0.36 '* 0.02 0.38 * 0.02 0.32 * 0.01 0.32 '* 0.01 0.32 '* 0.03 0.36 '* 0.02 

Kidneys (&) 2.00 * 0.10 1.99 * 0.05 1.80 '*' 0.04 1.77 * 0.05 1.82. 0.05 1.82 '* 0.01 
('It body wei&ht) 1.02 * 0.04 1.00 :i:: 0.02 0.9~ i 0.02 0.95 '* 0.01 0.96 * 0.02 0.94 .. 0.04 

(kidneys/brain weight) f..ll '* 0.06 1.18 :*: 0.03 1.03 ~ 0.03b 1.01 z 0.01b 1.03 z 0.04b 1.07 s 0.03 

Ovaries (1&) 0.12 .. 0.01 0.14 s 0.01 0.12 '* o:o1 0.12 z 0.00 0.13 * 0.00 O.ll s O.Otb 

('II body weighl) 0.06 :i:: 0.00 0.07 * 0.00 0.07 * 0.01 0.06 * 0.00 0.07 :i: 0.00 0.06 :C 0.01 

(ovaries/brain weiahl) 0.07 z O.OOb 0.08 '* 0.01 0.07 s 0.01 0.01 * 0.00 0.07 z 0.00 0.06 • o.OOb 

•Values are means '* SEM. 
II Values are liilnifi..:antly dirrcrcnt front vehicle '-'DRU'OI at P $ 0.05. I 
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TABLES. CLINICAL CHEMISTRY MEAN VALUES FOR SPRAGUE-DAWLEY DERIVED CD MALE RATS EXPOSED TO BARIUM CIILORIDE 

POR 10 DAYS BY ORAL GAVAOE• 

Barium Chloride (mglkg) V) 

Vehicle :I: 
PviYltneter Naive (deionized water) 100 /45 209 J(J() 0 

~ . 
No.laroup 10 JO 10 10 9 10 ~ 
SGPT(IU/L) S9 ::1: 13 Sl ::1: 4 47 :1: 3 so :1: 3 51 :1: 3 5S :1: 3 ~ 
SOOT (IU/L) 285 ::1: 64 183 :1: 13 180 :1: 11 181 :1: 14 165 ± 12 183 :1: 13 d ALP (IU/L) 368 ::1:: 26 378 ::1:: 23 358 :1:: 28 416 ± 26 420 :1: 36 384 :1: 30 X 
5'-Nudeotidase (IU/L) IS :1: 1 13 :1: I 13 ± 1 14 :1: I 14 :1: I 13 :1: I -('j -Protein (&/dl) 5.8 ::1:: 0.1 5.9 :1:: 0.1 5.8 ± 0.1 6.0 :1: 0.1 6.0 :1: 0.1 6.0 :1: 0.1 ~ 
Albumin (g/dl) 4.5 .:1: 0.0 4.6 :1: 0.1 4.6 :1: 0.1 4.7 :1: 0.1 4.6 :1: 0.1 4.7 :1: 0.1 0 ., 
Globulin (g/ dl) 1.4 :i: 0.1 1.3 :1: 0.1 1.3 :i: 0.1 1.3 :± 0.1 1.3 :± 0.1 1.4 :1: 0.1 tx:J 
Glucose (mg/dJ) 168 :1: s 166 :1: 7 179 :1: 6 162 :1: 8 169 :1: 4 162 :1: 7 > 

~ 

CholeSterol (mg/dl) 61 :1: 6 -53 :i: 3 S1 :± 2 51 :1: 3 56 :1: 2 57 :1: 3 c: 
BUirui:Jiu (ms/dl) 0.3 :1: 0.0 0.3 :1: 0.0 0.4 :1: 0.0 0.3 :1: 0.0 0.3 :1: 0.0 0.4 :1: 0.0 :.:: 
BUN (m&fdl) 19 ::1: 1 21 :1: I 19 :1: 0 19 :1: I 18 :± I 17 :1: Jb Q 

1:""' 
Creatinine (ms/dl) 0.9 :1: 0.1 0.9 ::1: 0.1 0.9 :i: 0.1 1.0 :1: 0.0 0.9 :i: 0.1 0.9 :1: 0.0 0 

-~ 

Calcium (mg/dl) 9.6 ::1: 0.1 9.8 ::1: 0.1 9.6 ± 0.1 9.6 :1: 0.1 9.6 :1: 0.1 9.5 ± 0.1 -~ Phosphorus (mg/dJ) 7.9 :1: 0.2 8.1 ± 0.2 8.1 ± 0.-2 7.9 :1: 0.1 8.3 ± 0.1 7.7 ± 0.4 

Chloride (mEq/L) 100 ::1: I 100 ::1: I 100 :1: I 100 :1: I 100 ::1: 0 101 :1: 1 

•Values are mean ± SEM. 
"Values are si,.Uftc:antly different rrom vehicle control at P :s O.OS. 
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TABLE 6. CwiiCAL ClliMISTI.Y MEAN VAI.UIIS FOR SPI.AGUE·DAWLBY DBIUVBD CD FEMALI RATS ExPoSED TO B.uru .. CHLOIUDE 

. FOJ. 10 DAYS BY ORAL 0AVAOB• 

Barium Chloride (mglkg) 
Vehicle 

Parameler Naive (deioniz.ed water) 100 14$ 209 300 

No.I group 10 10 10 10 10 7 

SOPT (IU/L) 41 s 4 40. s 42.3 40. 3 42 s 4 40. 2 

SOOT (IU/L) 227 =*= 31 204 =*= 17 193 =*= 13 176 :i: 24 16.5 :i: 9 168 s 17 3 
ALP (IU/L) 276 :t: 23 lS9 :t: 18 26.5 =*= 16 163 :i: 2.5 291 =*= 30 290 :i: 37 

.5'·Nudeotidasc (IU/L) 21 =*= 3 18.4 22 :t: 2 '23:al 23 =*= 2 ll * 3 ~ 
Protein (a/dl) .5.7 s 0.2 6.0 =*= 0.1 6.2 * 0.1 6.2 :1: 0.1 6.2 =*= 0.1 6.2 :t: 0.1 r-

Albumin (8/d1) 4.7 s 0.1 4.7 * 0.1 4.8 * 0.1 4.9 :1: 0.1 4.8 :t: 0.1 S.l ::i: 0.2 ~ 
Olobulin (8/dl) 1.0 • 0.1 1.3 • 0.1 1.3 :1: 0.0 1.3 s 0.1 1.4 =*= 0.1 1.2 z 0.1 

~ 
Olucosc (ma/dl) 173 s 10 IS6 :t: 8 163 z 5 153 z 3 ISS :t: 11 164 z 7 

~ Cholesterol (mg/dl) 56 s 3 63 ::& 3 65 :1: 4 71 :1: 4 60 z 4 51 z 5 

( Bilirubin (ma/dl) 0.4 :A: 0.0 0.3 :A: 0.0 0.3 * 0.0 0.3 ::*: 0.0 0.4 :A: o.o 0.3 :1: 0.0 

21 :t: I 18 * ·~ . 18 :1: Jb 18 :i: tb 18 :1: lb BUN (ms/dl) 22 :t: I 

Creatinine (maJdl) 1.0 :i: 0.1 1.0 :t: O.Q 0.9 :A: 0.1 0.9 :A: 0.1 0.8 :t: 0.0 0.9 s 0.1 

Cakium (ms/dl) 9 • .5 :t: 0.1 9.S ::t: 0.1 9.3 :t: 0.1 9.6. 0.1 9.2 :A: 0.1 9.5 :1: 0.1 

Pbolphorus (ma/dl) 7.3 :i: 0.4 7.5 s. O.l 7.1 :i: 0.2 7.6. 0.2 7.2 :t: 0.2 7.5 * 0.2 

Chloride (mEq/L) 100 a I 101 * I 99 z I 1().1 :A: 1 98 :A: I 100 * I 

•ValRS are mean * SEM. 
IIValua are slanlfacantly different from vehicle c:ontrolal P s 0.0.5. 



SHORT-TERM TOXICITY OF BARIUM CHLORIDE 

One of the strongest indications of a barium-related effect is the decrease in BUN at 300 mglkg 

in males and at all dose levels in females. The single observation of a decrease in leukocytes at an 

intermediate dose in males ~as not barium induced. Aiterations in ovary weights or BUN values 

were not observed by Tardiff et al. c 111 Histopathological findings were negative in both studies. 

These data suggest the need for funher studies~ for example, reproductive performance among 

females receiving high doses of BaClJ and an evaluation of the renal effects. 

The administration of BaOz under the conditions of these studies produced compound-related 

effects on ovaries (reduced ovaries/brain ratio) and BUN (decreases). 

It is concluded from these studies that short-term oral exposure to BaOz at doses up to 209 mg/ 

kg produces no siillificant adverse health effects. 
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