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~~~~~~~~~~ Staphylococcal enterotozln 1, pulmonary function,

~~~ aho1 tam, pul aary edema, blood gas tension, rhesus monkey

~~~~~~~~ A single Intravenous (Lv.) Injection of staphylococcaj.

~~terotozin B (SEB) In rhesus monkeys at doses of 0.05 to 1.0 mg/kg
• bee been shown to cause hypotension and death within 20 h. The exact

-~-~~~e of death is not mall understood. Since others have shown
ps]aooary edema during SEB diterotoxemia in monkeys , it was our
parpose to study pulmonary functions and arterial blood gas tension,
au mall as surface tebsion, water content, and electr • • concentrati ons
in the lungs of anesthetized normal and SEB-chaUenged ~ .~ sus monkeys .

• 1~1monary functions did not change dur ing the first 5 h after SEB
• inoculation. However, during the hypotensive period from 6 to 11 ii

following SEB injection, respiratory quotient Increased, while
functio nal residual capacity , CO2 output, 02 consumption and expired
CO2 concentration decreased. By 11.5 h, total lung water con tent
4ms~reesed , as shown by simoltaneous accuenlations of extrace llular

and water . Conversely, the Intrace llular lung water ~~~
decreased . Further, the surfa ce tension of lung extracts increased ,

~~~ggestfng that pulmonary surfactant contents were reduced , and the
Jangs might have collapsed slightly In SEB-inocuj.a ted monkeys.

- 
.&lrhiiugh acideaia developed gradually, severe hypoXia, hypercapnia,
decreased pulmonary compliance and Increased airway resistance were •

~~ t observed In these hypotensive monkeys until shortly before death.

~~~~e results provide evidence to support a hypothesis that pulmonary
dysfunction and ter~fT1al pulmonary edema contribute to death during

enterotozenja In monkeys .

- 
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~ ltbougb several Staphylococcal enterotozin B (SEB) Induced

~~~siologic changes includ ing peripheral capillary pooling, [2, 61

~~traceil ular dehydration , hypovolemia [16] and decreased cardiac

~~~cLiona (141 have been considered as possibl e causes of death

d~~ing SEB toz..i~ in monkeys, the exact mechanism for Induct ion

el irreversi ble shock during i.v. SEB toxe4a is still unknown . These

~~~nges are not a part of the gastro intestinal responses to the

•~~~teral administration of SER to monkeys.

Previous pathologic ?tudies revealed that pulmonary interstitial

~~~‘—~~~~ and Increased lung weights were associated with intravenous SEB

-~~zicity in monkeys [7 , 21, 22]. This Investigation was undertaken

to stud y pulmonary function, metaboli c changes , and arterial blood

gas tensions, as well as lung water content, electrolyte concentrations ,

and surfac e tension in anesthetized SEB-inoculat d monkeys. As in

previous studies reported fro m this laboratory [14—16], a preparation

of SER was employed that was purified to greater than 99%. Neasured

‘values wer e compared between normal and SEB-challenged monkeys under

• identical experimental conditions . Pulmonary dysfunction and terminal

‘~~1monary edema were present during SEB enterotoxemia , suggestin g that

.öypozis may be ~he major cause of death.

.
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• ~~~~~~~ 
and Methods

~~~~~th7 male rhesus monkeys Qiacaca sulatta) weig hing 3.3 - 5.9

~~ ~~~s allocated Into control Cu — 9) and SEB-Inoculated groups

(* 6). The latter group of monkeys had no detectable serus antibody

• .gsiust SKI prior to th (r use. Approximately 20 h before the

~~~eriaent, m~4I tera1 polyethylene catheters (PB 190, ID — 1.19 cm,
• ~~ 

— 1.70 ma) were placed in the fe.oral artery and vein under Ket*~(ne
.

~~ thesia. Monkeys were restrained in primate chairs for recove ry

fxt.. anesthesia. The femoral catheters were also flushed with
.

beparin in laline (20 units/ n] ) to mainta in patency . Highly

p~~if ied SEB (20] at a si’~gle dose of 1 mg/kg was injected into the

f~~~ral vein of experimental monkeys, while controls received only

isotonic saline .

~*I1 monkeys were sedated with letamine (15 mg/kg, intramuscularly)

~~~ placed In a supine position approxi mately 3.5 h after i.v .—SEB

injection. Endotrachea]. and intraesophageal incubation were completed

‘vitbi n 30 m m .  Various pulmonary functions, metabolic chan ges, and

• blood gas tensions were determined hourly between 6 and 11 h after

W or saline injecti on. Techniques for measuring respirato ry and

- 

~~ tabo1i c variables in rhesus monkeys ‘were described previous ly

P US]. Within 15 mm after completion of pulmonary studies , various •
tissue samples includ ing the lower lobe of the rig ht lung were excised

twO. , the anesthetized dying monkey. Tissue samples were collected

•~~ previously described (17, 181. Lung samples were imeediat ely

• j  • blotted with absorbent paper to remove surface blood and prepared

fue~ determinati ons of surface tension, water content, total lipid s ,

— — — •  • —a a • .
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*ospholipid, and electrolytes including Me
4 , K4 (24J , C1 (4) and

,hesphate phosphorus [81..

• 1 g  tissue was homogenized in distilled water (1:10, v/v), and

surface tension of the supernatant measured with a tensiometer (Model

• 21, Pisher Scientific Co., Pittsburgh, Pa.). Water content was

determined by drying approximately 0.2 g of lung tissue to a constant
I’

• ‘uiueight in an oven at llO C. The C1~ content in the dry minced speci men

was extracted for 20—24 h in~5 ml of distilled water, while Na~, K
+,

pho sphate phosphorus were extrac ted from the homogenized wet lung

tissue with- S ml of 10% trichloroacetic acid (171. Distributions of

intracellular and extrace llular water and electrolytes in the lung

• ware calculated according to the method of BENSON et a].. [31.

Tissue phosphate extrac t was determined as TAS (total acid soluble)

med lAS (inorganic acid soluble) fractions. The former was prepared

meing concentrated H2S04 
digestion at 3l0 C and the latter proceeded

without acid digestion (181. OAS (organic acid soluble ) phosphate was

calculated from the difference between t&S and lAS.

Total lipids in the lung were extracted with ‘a chloroform—methanol

mixture (2:1 V/V) for 20—24 h at room temperature (9]. The lung tissue

was minced and a minimum of a 20:1 ratio of solvent to sample was used.

The weight of total lipids in the lung was measured gravimetrically

after complete evaporation of the solvent from the purified extract

is a vacuum oven . Phosphorus content of phospholipid was determined

by the method of BARTLETT [1] . The phosp holipid concentration was

obtained by multiplying the phosphorus value by a factor of 25, which

is th. estimated molecular weight ratio of phosphorus in phospholipid.

- .
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V lues obtained fro . the experiments were compared using an

lysjs of var iance with repeated measurements. The values at 6 h

.,ere used as the baselines for each monkey to tes t for significan t

cbanges over time. Further , differences from baselines for the control

med SKI groups were also compared by an independent t—test. The ~all

•bypothes is was rejected at the 5% level.

• Csrtaln data were plotted as net change s from the 6—h values ,

~~ .ich were not significantly different between contro l and SEB groups.

istiever, true data for 0~ consu mption and respiratory quotient (RQ)

~~~e plotted as a function of time because these values between control

~~~ SIB-inoculated monkeys were significantly different at 6 h by

mapaired analyses.
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Results

Pulmonary Functions and Blood Gases

Kffects of Lv. SEB on tidal volume, pulmonary ventialtion , and

pulmonary mechanics in anesthetized rhesus monkeys breathing room air

for 11 h are sume~arized in table 1. No significant changes were found .

However , airway resistance, functional residual capacity (FRC) and

expired CO2 concentration decreased and respiratory rate increased

significantly as compared to control monkeys 8—10 h after i.v. SEB
S
injection (fig. 1, 2). further, one monkey that died earlier (at

7.5 h) showed increased respiratory rate , dynamic pulmonary

• resistance and PaCO2 while its tidal volume, dynamic pulmonary

compliance , intraesophagea l pressure , expired air flow , and arterial

blood pH and P02 decreased markedly from control values 
approximately

one half hour before death (table 2).

As compared to controls, rhesus monkeys showed significantly

decreased 02 consumption and increased - RQ values at 6 h post—SEE

inoculation (fig. 3). However, data on 02 consumption and RQ remained

wachanged as a function of time for U h after SEE inoculation.

Although CO2 output and expired CO2 concentration were 
significantly

decreased 9—11 h after SEE as compared with the contro l group of

monkeys (fig. 4), arterial blood pH, P02, P
~0 

RC03 ,  total C02,
2’

and base excess showed little or no changes during the entire 11 h

expe rimental period (table 3).

Lung, Surface Tension and Biochemical Changes

Although plasma water conten t and electrolytes concentrations

~~~ e not altered after i.v. inoculation of SEB in anesthetized rhesus
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~~~ aques (table 4), surface tension , ~~S phosphorus , total water

____ extracellular Na+ (.Eq/kg fat—free wet tissue ) and total C1

• ..(ulq/fatty—free dry tissue ) of the lung increased sig nificantly as

e—’çared with lungs from control monkeys (tables 4 and 5). There

is also an apparent shift of intracellular lung water ~i~4 to the

~~~ racellula r space In SIB—challenged mon keys (table 4). No

,4gnlficant changes were observed in distribution , total lipids ,

- spbolipids, ar PhOTUS inc lud ing lAS , and Th.S of lungs U—l2 h
S

after a letha i .of SEE (tables 4 and 5).

4
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Discussion

Itm e few changes in pulmonary functions occurred within 5 h

sitar i.v. SEE injection in anesthetized rhesus monkeys, the present

tvdy encompassed the period 6 to U h after SEE. During this time,

cardiovascular and hepatic functions are severely depressed [14] and

body fluid volumes are sig nificantly decreased (161. Since SEE—

~h~1 tanged monkeys may survive for a few more hours beyond the li—h

~~~eriaenta.l period, the pre~ent data only reflect changes at

~~yroximately the mid—point of SEE to’ ’~4~ . According to our limited
S

• ~~servations, a SEE-challenged monkey showed some important terminal

~~mnges including acidosis , hypoxia, hypercapni a, decreas ed dynamic

~~1monary compliance, and increased airway resistance. The reason

for present ing data from only one monkey was tha t all SEE—inoculated

mkeys survived during the U—h experimental period and this was the

caly monkey that died 7.5 h after i.v. SEE injection.

~iring the period of mid—toxe mia of SEB, decreased FRC values were

~~ tained. The possible cause for decreased YRC values without a

~~4~~i1 taneoua increase in tidal volume may be due to an accumulation

of fluid in the lung or partial collapse of the lung. The former

assumption is supported by the increas ed lung water content , and

the latter is evidenced by the increase sur face tension of the lung

-~~~ract at U—12 h. Since lung surfactant is respons ible for preventing

lang collapse through the mechanism of decreased pulmonary surface

• tension (10, 23] an increase in lung surface tension may also indicate

that lung surfactant concentrations were decreased in SEB—chal lenged
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Metabolically, both total—body 0
2 consumption and CO2 output

dacrea~ed, while RQ values increased to > 1.0. These findings indicate

that (1) cellular metabolism was depressed , although fever might be

present [2, 5, 221 , (2) anaerobic oxidation was involved , (3)

carbohydrate (glucQse) was the main fuel for energy release and

utilization , and (4) a steady—state was not achieved.

Various forms of phosphorus in the lung, including phospholipid,

LAS, and QAS were measured in control and SEB—inoculated macaques.

A~,ng the three categori~s of phosphorus , only OAS showed significant

increases after SEB. Since OAS is a mixture of creatine phosphate,

&TP, ADP, and AJIP, it is unknown which substance(s) is affected.

Further , the significance of an increased OAS in the lung during SEB

tox meia remains unknown.

The SEE—Induced pulmonary edema, as characterized by increase

in lung weights and pathological changes of pulmonary capillary

endothelial cells, has been shown by others [7, 21, 22]. Results

from the presen t study confirm the presence of teryilnal pulmonary

edsma in monkeys following a lethal i.v. dose of SEE. This is

based on the finding that extrace llular water and Na+ in lung tissue

were increased at 11 h. When lung s are filled with water to a critical

level , pulmonary exchanges for 02 and CO2 are impaired and oxygenation

of vital organs is decreased , leading to death within 20 h. Such rapid

death minimizes the likelihood that renal, hepatic , or gastrointestinal

changes are directly involved in the lethal effect of i.v. SEB .

Results from our preliminary studies reveal that continuous

positive press ure breathing (CPPB) , maintained at 3—4 cm 020 for

2 days , may preven t death in SEB—challenged macaques I 15J and in Dutch
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bbits (unpublished observations). These findings Indicate that CPPB

~a .ffactive in preventing SEE—induced pulmonary edema, despite further

d creases in cardiac output and blood pressure [11, 12]. Because

U~ -cballenged animals continue to survive after 2 days c treat ment

~~ th CPPE, it is suggested that pulmonary capillary membranes are not

critically damaged, or that capillary dan~age is reversible within a

-welatively short time.

Eased upon the evidence for functional and biochemical changes

is, the lung during SEE toxemia, it is concluded that respiratorj

‘dysfunction , pulmonary edema, and its associated hypoxia are major

ceotributing factors leading to death of rhesus monkeys after i.v.

SEE—inoculation.

• 

•
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~~~~~ 
II. Changes in pulmonary functions and ar terial blood pH, PO~ --d

~~~~~~2 
during terminal SRI enterotoxemia ( 0 5  h before death)

- • Values

- 
- • (~~~~±SE11)

Variable Control

- 
(n 9) (n 1)

Tidal volume (~~
) 

~~± - ~ 
19

• ~~spLratory rate (cycle/mm ). 33 ± 5 57

Dynamic pulmonary compli nce (al/cm 020) 8.3 ± 4.3 1.8

Dynamic pulmonary resistance (cm 1120/L/sec) 31 ± 7 168

Intraesophageal pressure (cm 1120) —6.3 ± 0.7

~~~ixed airflow (ml/sec ) 62 ± 2 47

pH 7.375 ± 0.008 7.318

Arterial Blood P02 (ma Hg) 88.6 ± 4.9 33.3

(am Hg) 29.0 ± 2.7 38S8

_ a
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T.ble ! — Changes in surface tension, total acid—soluble phosphorus

(US), Inorganic acid—soluble phosphorus (LAS), organic

acid—soluble phosphorus (OAS), total lipids, and phoapholipids

in the lungs of control and SRI—inoculated monkeys

Value s (mean ± SEM)
Var iable 

_______________________________________

Control (n — 4) SRI (ii — 6)

Surface tension~ 42.70 ± 0.95 52.07 ± 2.022
(dyne/cm) •

TAS 102.9 ± 10.4 132.2 ± 11.2
(iil/kg FFWT3)

lAS 30.3 ± 9.9 40.7 ± 4.0
(~(/kg ~ vr3)

OAS 52.6 ± 7.4 93.6 ± 12.62
(~~1/kg PW~)

a
Tote.1 lipids 21.36 ± 3.76 13.27 ± 1.73

(g/kg)

Pbospbolipids 1.80 ± 0.27 - 1.48 ± 0.11
(g/iOO g)

1Control, n — 3, SRI, n — 7.

independent t—test , P .c 0.05.
3Pat-fr.a wet tissue.
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