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-Sodium-poiassfum stimulated adenosine triphosphatase
of the small intestine of man: Studies in cholera and other

diarrheal diseases

NORBERT NIRSCUITORN and IRWIN II. ROSEN BERG*
Deacca, Bast Pakistan, awd Hoston, Mass,

Hodium-potassinm  stimuladed, ounbiin-inhibited  adenosine triphosphatase  (Na-X
ATPuse), an enzyme implieateld in active sodinm {ransport, was demonsirated in
homorenates of huaman jejunal ond ilexl mueosn. An nssny wos designed Lo mensure
Na-¥ ATPase astivity in perorn] biopsy specimens of jejunum in patients with
cholern, and other dinrrheal disenses. In eholera, acute nonspeeifie gastroonteritis,
and bacterinl enteritis there was o significant depression of Na-I{ ATPase aclivity
during tho ncute phnse of the disease as compared to eonvaleseent values. No
signifeant dopression was ohscrved of Na-Ko independent ATPnse aclivily (un-
stimulated A'l'nse) in the same biopsy specintens,

Tl'lc importance of 1he small intesting in {luid and clectrolyic lomeo-

stasis is most dronatically demonstrated by the dehydration and cleetrelyte
‘disturbances which may oecur when the small intestine is diseased® or when
large scgments ave resceted or surgically bypassed.® Conservation of sodium
and water by the intestine depends primarvity on the ability of the intestinal
epithelium to actively transport sodison from the intestinal Iumen to the hlood
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plasma; water movement is lavgely dependent on sodinm flux.? Sinee Taumen
odivm veenrs against an clectrochiemieal gradicnt, {he pro-

to plasma flux of &
cess requires metlabolie energy! whiel is provided, 1n all likelihood, by ade-

nosine triphosphate. While the molecular jnechanism of aclive godium trans-
'port ig still not well undderstuod, considerable evidence indieates that a man-
prane-bound adenosine triphosphatuse, aetivated by sodium and potassinm
(Na-K AlPase), ig integral to the sodiung, transport systom.®® This cnzyme
has been demoenstrated in brush-horder vich fractions of homogenales of mam-
malian intestinal mueosat T buk ot bnoman.

We have studied the eharacteristios of Na-I ATPase in human intestinal
muecosa in vitro and have designed an assay which permits study of thig en-
zyme in intestinal biopsies taken [rom patients with diseases in which intes-
tinal cleetrolyte transport is deranged, such as chalera and ;:nsl.r(mnt.critis.
The present study Juenments a reversible depression ol intestinal Na-l
ATPase activity in chelera and acule pastroenteritis without an associnled
depression of & nonspeeifiec ATase activity in the same hiopsies.

Patients

All patients studied were admilied to the Paukistnn-BHATO Cholern Research Lahoratory
(PSCRL) ward with the chief complaint of neute dinrrhea. The pertinent elinieal datn are
presented in tho Appendix. The putients were divided into three groups. Group T had 10
adults with decumented I ehadera infection; Group 11 was composed of T nelutis with aeule,
nonspecific guslroenteritis  (wo etivlogic ngent jsoluted aund no antibody titer Tise to
V. cholera) who were stwdied at o Lime when there was litile or no cholera present in the
vicinity; Group 11E Lad 5 adults with haeterial enteritis proved by elture. Fo exelude pa-
tionts witly ehronic mukibsorption, enly paticats with normnl xylose nhsorplion in convales-

conce are included in this study”

Methods

Hiopsies. One or more Biopsics were taken in the neute stage of the disease and the
results epmpared fo the fimdings in eonvalwseenee so thal ench pitient could serve 48 hig own
control. The neute phuse biopsy was done in all patients on the dny after admission whet
dehydration and eleeirolyle imbalance hael heen eorreeted. Fhe hiopsy in convaleseence was
takern several days wfter the last liquid stool was pagsed (sce Appendix for details). In
addition, serial Liopsics were performed on 6 patients. ‘Fhe results of he first acnle and ast
convalescent Dhiopsies were usel to caleulnte the menn values for cach group. Al hiopsies
‘were done afier an overnight {ast.

A Croshy-Kugler capsule with radio-upaque tuhing was used, and jts posilion in the
upper jojunum was confirmed by x-ray, The subsequent biopsies i any given putient were
obtained at o similar distance from the lipament of Preitz. The biopsy was placed in ice-cold
12 mM. Tris-2 mM. BDTA and cxamined under the Jdissecling microseope. Jlomogenization
was earricd out ns deseribed below.

Each paticent received a 5 (hin. dose of Dexylose within 18 hours follawing each biopsy.
Urinary excretion of Pogyluse in the following & Nours wna measured by the method of Roc
and Riee1? and resulis expressed as perecttnge of the dose administered.

‘ The palients were treated with intravenous fluid and electrolytes as required. Ne pit-
tient received antiliolics.

*TIght patients with n_nn.‘:peclﬂc pastroentaritls and persistent xylose innlabsorption in con-

valogeenen il AT Tevels In the acute ginte which were sunitnr to the puticnis re-

|135n'to;1 but, in contrast to the Iatier, the enzyine depression perslsted after recovery from
diarrhen.
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Preparation of ensyme.
. HI,T!{?(‘.I(‘.AI. su'r:{‘ll\il-:r:';-:. Speeimens of prossly normal human ilenm® or Jejunumt waore ()]1.&;1.1':11-(‘(1'.
. obtained durirg n resection operation of contignuous strucfures. The swmples were placed e nlated AN
immedintely in jeed isotonie Tris buffer pH 7.5 The mucosn was geraped ol the muscolaris - MThisg iner
} and homopenized in on plass homegenizingg tube inoan e Tt for 90 seconds in 12 mM, rti‘ mal nons
Tris-2 md. EDTA (pIl 7.6 at 25° C.). The homogenate was spun al 850 x g at 5% C. for ; contration.
! 20 minules, the supernaie disearded, and the sediment resuspended in 8 volumes of 12 M. : _'-’1-0' M
oy Tris-2 mM. EDTA, separated juto fraetions and stored nt -G0° K. for later assay, To ﬁ‘ 1 ,m. .
G evaluzte the effects of deoxychofate, the homogenate was thawed and deoxyeholate i mAl. for
ff-ll ’ wad added in approprinte eoncentration. This preparnlion was storeed at 42 C. Tor 24 honra ' . ol hoth
‘ ; before use. o 1. L.
- Broersy srrcimexs. Homogenization of (he binpsy spechmen wis enreied oul s oan all- " W
I SR glass micro homogoizing tube with a plass pestle. The biopsy was homogenized for 90 seconds ; ! o rl|
at 0° O, in 0025 por eent sodiume deoxyeholate (prepared jn 12 M. Pris-2 mdl BDTA pil ; Na-Jx A"
e 7.5 at 25° OO and stored at 5° ¢ for 24 honrs. The finnl homopeaate volume ranged from often ent
. 0.6 ml to 1.1 ml. depending on 1he size of the hiopsy. l‘ with e
When a lovso fitting glass pestle was used, it was possille in pearly every bilopsy to i ATPase
grind away the mucosn leaving infaet a rouml submucosal portion which resembled o wig, | AP ase
with a fow adhering villi on the mueosal side amd a fibrous mafrix on the submueosal side i BRI
(as seen under the dissecting microscope). Fo measare the ddegree of dilution of mueosal : K
i AT Paso nctivily Dy submucosa, assays of ATPase activities were done on homogenales of - in both
{ fhese suhmuensal portions as well as on the eorresponding mueosal portion in 29 biopsies ix simla
{ from patients with clhiolera and nonelolern dinrrheas i the aeute and convaleseent states. Lestinal
l The results are compared below, i1 e
i In Group L all assays were done on the mucosa]l portion only: in Group L no allempt ' ’
;_ wis mmade to separate the mucosa from sabmucosa amd assays were done on the fotal hiopsy : by ouah
{ homogenate; wmd in 3 of 3 pationts in Group 111 aseuys were done on the mucosal portions . is show
J only. & and el
; Assay of AT Pase wetivitics, In all expeviments 0.1 wl. of homogenate was wlded 1o 2.4 @+ 1077 M.,
i ml. of moedimm whiel contained 4 mAL magnesium: One selution contimed 140 mdl. sodium, i (10
16 mM. potassiom; a second solutton contained wo added Na+ nnd W The anion in each ; ol
\% cange was clileride. Both sehutions hal 2.5 mdl. AT (T'ris or dipotasgium salt) and 30 wM. :
! Tris andd the fingl pIT of hoth was 7.8 ot 47° O The reactions were performed in driplicafe or
duplicate and stoppol alter 60 minutes with L3 mloof 6M perehlorie acid. Tnorganic phos- i
i phato liberated by the renetion was mensured hy the method of Fiske and Subbarow,'s and
I the homogennle protein was measured by the method of Lowry and associabes 't A'lTPase :
| activity was expressed in micrograma inorganic phosphorus relonsed per milligrane protein :
. por hour (pg Pi/mg. pretein/hour). Nau-K ATPase aclivity was oldained by subtracling the ‘
aelivity in tho absence of Na* and K+ (unstinmuluded A'TPase) from thal in the presence of
. sodium and potassium. Al glassware was acid-washed,
o Standard enzyme assay. Sumples of guinen pig small intestinal muensal homogenntes
stored nb ~60° o0 o 12 mdL Trig-2 oM. EDTA (plh 7.5 ol 25° 4L) were nesayed :1]m-11_r with
! hhumnn Liopsies awl congtituted o standard ngsoy, Resalts from 65 Teactions {aken from 5 \
i amimals gave o S EM, of £ 4.1 per cent of Na-W ATPase mean activity and a 80M. of
t +1.8 per cent of unstimulated ATPase mean wediviey,
|
| Results
’ 1 Identificetion of ATPase in surgicel speetmens of swell inlestine.
: CATION REQUIREMENTS, When miticosal homogenates of ifleum and jejumnn
F ~were incubated with ATP without added eations, no significant. hydrolysis
' occurred. In the presence of Mg*, phosphate liberation from AT was dem-
f Fig. 1.
*Ohtained through the Hoarvard Surgical Sm-\'i.r'r!. Baston City llospi.m]. of jl_sj-
; tCouriesy of Dr, Md, Librvis, Hely Family Hespital, Dacen, Fast Poakistan, BDTA
L ! ]
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were . onstrated. An inerement in ATD hydrolysis heyond this nonspecifie or unstim-
aced Culated ATPase oreurs when Nav and K'oare added to the ineubation medium.
l.:;\l: " This incrcment is designated as sodiun-polassium gtimmanted ATPase, Maxi-
tor mal nongpeeiiic ATPase and N 10 ATPase aetivity were fonnd al Mgt con-
m, . i centration of ¢ mdl. Optimal concentrations of Na* and K were found Lo be
To =i . 140 mM., and 8 mbl, respeetively, for the homozenate of ileum, and 80 and 8
late mM. for jejunum. At optimal comeentrations of cationg, Ni-I AT Pase aelivily
s of both ileum and jejumum is linear wilh ineubation fime up to 120 minutes
all- i i ].“lg' 1.
mds . Brrrer OF DEOXYCIOLATE OF Na-K ATPase (Tasue 1) dn preparntions of
pi ,; . Nu-XK ATPase Trom other tissues, treatment with surface active agents has
o 3. often enhaneed Na-1{ ATPase activily. The inerease in Na-I$ ATDPase activily
o " with deoxycholnie treatnient appears to oeer al the expense of unstimulated
wit, . © ATPase activity. Deoxyeholate al 0.25 per cent s inhibitory te hoth mades ok
<ide : ATIase.
ol &) Torrror oF P oN AT HybrOLYSIS, Maximal hydrolysis was found to oveur
of in both ileun and jejunune at pl 7 1o 7.0 as shown in I, 2. The pthoptinann
T:‘: f i similar to that found for Na-K AlPase aetivities in other nunnmalian -
; testinal preparations, :
mpk Brrker or 0ABAIN oN Na-IC AT axe, Tnhibition of Na-l{ A'NPase aetivity
sy 1 by ouabain is 4 congistent eharacieristie of the cnzyme. A doseoresponse enrve
ons o is shown in Wig 3, where ane-hall of the maxibual inhibition of hoth ilewn
oy and jejunum Na-Io ATDase aelivily oceurs at ounbain cotncentration ol H x
tm, 107 M, and {otal inhibition of Na-IC ATPase aetivity is found at comcentration
avly of 10°% M. Ouabain had no effect on unstimulated ATPase activity,
1Al
s or
-
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Fig. 1. Na-K Al ase activity relater o ineubation time in mucosa from surgicnl specimens
ot jejunum (closed cireles) ned ilewm (open eireles). Homogennte afored at -60° in Tris !
BEDTA until use. i
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Table I. Tuflect of storage in deoxycholate (DAC) on jejunal ATTase

Surgical spreimens of jejunum® Prroral jejunal biopsiest

astinn- tinstimn- Na-Iv
Tated Nu-I¥ Na-I AT Pase faded Na-l | ATPase %
Treatmend ATPase AT Peasr h of tolal AT Pase AT Pas af talal

None 172 120 43 wha 20 T
Stored 24 liours

wo ndded DOC 168 1249 Jq2 — _— —_
Stored 24 hours

in 0.0675% DOC 160 134 A0 — — -
Stored 24 hours

in 0.1259%, DOC 93 155 62 131 120 47 (22)
Stored 24 hours

in 0.25¢, DOC 36 A 49 67 40 (1

ATPase expressed in micrograms i per milligram protein per howr,
*Nenn values of experiments done in triplleate,
FMean vilues of convalescent plinse hlopsles (namber of Blapsies in prrentheses),

Pable 1. Tffeet of sodium, potassium, and ouabain on ATPase aelivity in
peroral jejunal hiopsics

Aetivity fug Pifmg. protein/hour}

Additions” Foaperviment 1 | Lorperiment 2
Nouo 101 117
Nat (130 mBq./L.), K (16 mEq./1.) tiey| 260
Nat (140 mBq. /1), K+ (16 mlg./1.), and
ounbiein (1(-321) 15343 117

*Mg++ (4 mliq, per liter) fo all experlments,

AT Pase activily i peroval intestinal biopsies. Oun the hasis of the above
experiments an assiay was designed for peroral biopsy specimens ol human
jejunum. In our experienee very litihe No-W ATDase activity conld be detected
in fresh homogenates of biopsy tissue in contrast to the homogenate of surgi-
eal material (possibly the sevaping, homogenization, and centrilugation of the
surgieal material disrupted cellular niembranes considerably). Storage with
deoxycholate for 24 howrs vesalted in the appearinee of Na-IW ATTase activily
roughly equal to unstimulated ATPase activity (Table 1), Owabain (102 })
completely inhibited the sodium and pofassinm stimulated activity (Tabie I).

ATPRAZE ACTIVITIES IN THE MUCOSAL, AND SUBMUCOsAL rorrioxNs, Table 1
shows the activities in these two Tracdions sepavadely aned alter arithmetical
eombination of speeitic activities, 1 ean be seen that the submucosal portions
lad considerably less NaK ATase activity than the mucesal portions, hut
unstimulated A'l'Pase activity was the sane in both.
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Studies tn cholera and gastroenforifis.

Grour 1 (crionkra). Ten patients were studied doring an episode of neute
cholera and again durteg the eonvalesernt pertod, Biopsy ATPase activities are
given on Table 1V, Seven patiends had depressed No-KC ATPase activity, 6 pa-
tients markedly =0, in the aewde state, and 3 did not. I'he difference between the

ameans ol aeute amd eonvaleseont vatues Tor the whole group was statistieally

significant, and the avernge depression was 29 per eent. In conteast another
intestinal enzyme, wnstimudated AT Pase, was nol signtficantly ehanged in the
same hiopsies. Paltents with lowered NocKO AT Pase aetivity in the acule stafe
did not differ elinieally from those without it All patients had normal absorp-
tion duving the convalescent. period as judged by the D-xylose test {exerclion of
more than 25 per eent of an oral dose).
© Te winimize dependence on single observations during and after diarrhea,
serial binpsies woere performed in & paticnts with cholers during the coursae
of their jllness. In g, 4, Noa-K ATPase activity is plotted against the daily
stool vutpot. The rise in NaoI ATPase aetivity occunrvred during (Paticnt, 2)
or soon alter cessation of diarchen (Patients 1, 6, and 6). A fth patient (No.
10) showed depression of Na-K ATPase activity during diaerhea and onty
partial reeovery thereafior,

Gurovr n. Seven palients with aente nonspecific gastroenteritis had  biop-
sies taken in the acnte stage of the disease and during convaleseonce. The

results are given on Table V., The wmean values for the aeule and conyvaleseent

Na-JC ATPase activities were signifieantly different, The average depression
during the acute phase was about 43 per cent. The unstimulated ATPase (i
not ehange signifieant |y,

Grour o Five adults with diareher eansed by bacterial seenls were
studied. Two had dinerhea associated with nozeholera vibeiog,' ane had staph-

Table IV, Group I, cholera

Na-U AT Pase Ponetimulated AT Pase
Patient Aente ] Convaleseent Change Avute Convaleseci! Change
1 73 187 + 112 182 1413 + 11
2 78 11 4+ R 146 110 - 0
3 135 216 + R1 1he RRl) 138
4 445 115 + 70 10 It + 13
5 62 17 + 54 144 i - 60
6 47 12 + 3D ] k1 82 + 0
7 122 125 + 6 167 Hi5 ~ 3
b3 110 "3 - 7 2o 188 -2
9 : 144 116 - ¥ 185 . 173 -0
10~ 112 63 - 104 05 -9
Mean M 13 [REET 143,92 148.8 =
S.EM. T 13.9 16.7 12.4 1. 8.6
P < )05 < 005 > 08 > 0.6 .

*Second acute biopay @ Na~iK AT Puse 46; unstimulated A'FPase 147,
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Fig. 4. Jejunal biopsy No X ATase aetivity
L | PR .
pelpted 1o fime conrse of illness. From uppar

cholera {Group §) compured with stuol pulpul,
loft to right: Patienis Nos. 1, 2, 5, 6, and 10.

Table V. Croup 11, aeule nonspecifie

gastroenteritis

Net- I AT Pase

Pastimulated AT Pase

Pationt T doute l Canveleseend ] Clreen g Avute Conraleseent {hengge

1 18 114 + 96 104 102 -2

2 19 04 + 76 162 178 4+ 37

3 T 07 + 37 Jan 120 -0

4 10 12 + 32 H0 01 + 21

5 G& al 4 2n 105 127 42z

6 70 iy 120 118 108 - 0

ki 63 84 3 14 114 01 - a3
Mean 56.4 a7 +-hE 1146 T18.4 + 3.0
S1E.M.E 6.2 4.0 109 7.9 .3 0.8
P < 0.0M < 0.01 > T = 0.5
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Table VI. Group LI, bacterial enteritis

Ne-W AT Puse Gnstimulated AT Pise

Patient’s dingaosis Aewte V Convaleseent | hanye Aente Canraleseant Change
Diarrhna with non-

cholera vibrios* 74 112 + 18 HE] 3 G
Dinerhea with non-

cholera vibrios* 55 i + 41 me 106 - 26
Shigella BB

dysentery o i + 142 KA 04 - 40
Staphylococeal

enteritis 30 114 + 78 (81 150 + U6
Typhoid fevert 116 141 + 15 03 124 + 341

Mean G1 1218 + 628 10:4.8 115 +11.2
SEMx 1G.2 11.9 202 13.2 134 24.3
p < 0,02 < 0.05 > 0.5 > 0.6

*Submueosa Inciuded in homogenate of hiopsy,
t&econd neute biopsy No-I ATI'ase 71 ; ansthuulated AT axse 124,

ylocoeenl enteritis, one had shigetla B3 dysentery, and one had satmonella 1
septicemin with copious dinvrhea (157 1. over 5 days) from which no patho-
gen was dsolated. Al had depression of Na-JO ATPRase activity in the acute
stale with reeovery during convaleseence (Table V1), althongh ihe patient
with typhoid showed this depression only in the second acute hiopsy. The
nican ehange was 51 per cent.

Serial Blopsies were perforined on the pationt with staphyloeoceal enteritis.
The highest convaleseent value of Na-lK ATPase activity was not achieved Tor
this patient until vne week afier dinrrhen ceased,

Lxamination of the speeimens under the disseeting microseope showed no
consistent morphological difference hetween the acute and convaleseenl hiop-
sies, Although histologieal examinations were not done on the hiopsies re-
ported hiere, microscopic studies on hiopsies from similar patients with cholera
and with other, nonspecifie, dinrrkeas showed the epithelinl aells to he normal
in both acufe and convalescent Biopsies, and the minimal inercase in inflam-
matory eell infilirate in the aetie hiopsies was so subtle as o requive statis-
tienl verification. The details of these microscopic studies arve reported else-
wherne,

Discussion

Cholern is perhaps the most driwmatic of dinrrheal diseases in that fuid
losses are eommonly severe enongh to result in eithor shoek or fatal dehydea-
tion; in the treated patient, Josses may execed the fotal hody weight over the
course of {lie discase.? Although ample evidenee indieates that less of fluid into
the intestine is not due to denudation or destruetion of intestinal epithelium, ' 18
the relative importance of inereased fluid movenent into the intestine versus
deereased sodium and water reabsorption from the intestine remains a subject
of controversy. Phillips' suggested a mechanism for the latter possibility; he
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postulated that inhibition of active sodinm transport in the small intestine by
some produoet of V. cholerne eould aceownit for the copinus, sodivm-rich diatrhean.

Skou'® was the first 1o sngwest that an enzyie reqatiritng sodium, potassinm,
and magnesium jons for the hydrolysis of ATP was involved in the aetive
transport of sedium. 1lis recont yeview? summarized eight requirements of a
sodium transport, system, all of whicl are shied by the Na-IK AT Muse enzymao.
In the present study we have demonstrated fhe presenee of an ATPase in hoth
ilenm and jejunmn of innan infestine, which is stimulated hy sodinne-potassiom
and inhibited by ouabwin. The Na-Ko ATPase of human intestinal epithelinn,
like that of other tissues, shares the eardinal characteristies of the gsodium trans-
port system. While it ias ol been unequiveeally proved that No-IK ATPase of
the intestine, or ol other tissues, is responsible for soditm fransport, the in-
direet evidenee is convineing awd we therelove thought it imporfant te nreasare
the aclivity of this enzyme in the small intestine during  sodium-losing
diarrhea. '

We have demonsteated in hiopsy speeinens depressed Na- K AT Pase setivity
in 7 patients with cholern. A similar depression of chzymatic aelivity was seen
in other forms of gastvocnteritis with dinrrhiea. Noneholera: dinvrlieas in Kast
Pakistan may be as severe as cholera and perhaps shave some mechanisms of
pathogenesis.®

Interpretations of these observations mnst take into aceount the limilations
of this study. Wirst, assay of an enzyme i a single biopsy may not necessarily
refleet the enzyme level over the vemainder of the intestine. Seeond, although
we presume 1hat the eonvalescent values refleeted premorbid enzyme activity,
this iz not yet preved. Thied, ATPase activily in such a biopsy homogenate
represents it composite of enzyines from a mixed eelindar popalation; fhe assay
eannot distingnish ameng membrane sifes whose funetion niay vary with respeet
to the transport of sodium, Should there ocour in cholera and other diarrheas a
large influx of leukoeytes into the lamina propria of the intestine, leukoeyie
ATPase activity, withaperhaps o Targe nonspeeific AT Pase to Na-K AT Pase ne-
tivity ratio,®* would be indistinguishable from idestinal ATEPase in the assay.
This would influetee not only the ratio of Na-K ATPase 1o nonspeeific AT Pase,
but also the nonenzyme prolein eontent of the biopsy. This seems an nnlikely ex-
planation of the data since individunds in Fast Pakistan without acute diarrheal
discase show a chronic nflammatory eodl infilirate,® and the inerease in cellulay
infiltrate daring aeute diarrhea is so subtle that it is only appavent when a large
number of biupsies are examined in the absenee of information concerning the
clinieal status of the patient.’® Separation of nmeosal and submucosal fractions
should further minimize any error introdueed by infliammatory eells.

The significance of depressed NicKo AT Pase in acute diarvheal disease is
uncertain. It is most important to distinguish between an enzyme depression
whieh merely refleets the altered condition of discased epithelium and one that
has funetional signifieanee, 1T the Na-K ATPase depression demonstrated in

? this study has any funetional signifieanee, it is unlikely that the deercase in

enzyme activity is a major fietor in sodium and water malabsorption. A guan-
titative relationship of enzyme depression to diarrhea was lacking, Diarvhea,
however, may be associated with duwjury to membrane enzymes; funclions
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dependent on these enzymes iy {hen be impaired, For exampie, reversible
depression of jejunal disaceharidases and impaired lactose hydrolysis oceur in
aeute diarrhea.® Similarly, depression of an chzyme whieh may be involved in
sodium absorption from the gut eould contribute to the formation of diarrheal
fluid. In this study, damage to membrane enzymes was not eniirely nonspeeific
as unstimulated AFNPase, which has not been implicated in sodium transport,
was not significantly impaired. The possibility exists, therelore, that the depres-
sion of Na-K ATluse in ehodorn and other enterie disease may contribute o n
worsening of, if not the initiation of, the intestinal fluicdd loss.

Final interpretation of the funetional significance of these obgervations must
await further information on the role of Na-K ATPase in sodium transport by
intestine and more definitive data on the mechanistng of dinrvhea in cholern
and other enterie infeetions,

The nulhars ackuowleige the forhnical assistnnee of Mr. 1. R Baha, Miss Ayesha
Siddigea, and Mreo 5. M, Al amd Al sugprestions of Dre John Lindenhaum, Robort A,

Phillips, and Charles 8. Davidson.
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Appendix

Summary of elinieal findings (means; ranges in parentheses)

Spring, L, ol Pivarndn, T "The natore

Subelinien]l small-intestinal dis-

Tejunal disneehnridase activity in acute

Patient group

tironp 1

firoup 11

troup H11

{holera

etete nonspreifie
nastroenteritis

Baeterial enterilis

Number

Age (years)

Weight, convaleseont
(Kg.)

Admission systolic B.P.

Number with fever
over 100° F.,, p.r.

Plasma protein (G, %}

Admission

After rehydration

Total stool volume
{¥..} in hoapital

Number with ocenlt
Hload in stool

Number with infestinal
parasites

Xylose absorplion
{ % exergtion tn urine® }
Acute
Convaleseent

Biopsy
First acute hiopsy
hours nffor onset,
Last convnleacent,
biopsy (days aflter
last liquid steol)

10
S48 (12040

A8 (HEI-48.3),
23 ((}- | 0ty

1

11 (R8N

7.8 (T.0.8.3)

D44 (H4-5R.0)

T (3 mmltiple)

15.6 (9220

33 (25-40)

38 (11.52)

{1133

a0 (14-50)

b (36.0-54)
44 (0-80)

r

S (7412.1)
T4 (7.0-83)

11 (0-3.6)

4 muliiple)

Shd (1044}
40 (2641)

A0 (2R

R {613

)
25 (10-30)

L (36.0-45.1)
72 (0-190)

103 (7.7-12.0)
7.4 (6.6:7.0)

4.8 (D.215.7)

S0 muttiple)

19 (10-11)
(24-37)

45 (9560

8 (41D

*Normal 25 per cent.
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