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'SECTTION I - RESEARCH PROTOCOL

(PILOT STUDY)

Title: _ Presence and biochemical basis of

an increased serum anion gap in the

metabolic acidosis of cholera

Investigators: M. Hug and A. Waheed
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Abstract Sumdary:

Twenty adult patients with cholera will be studied to define the
presence, and biochemical basis, of an increased serum anion gap in
the metabolic acidosis of cholera. Blood will be cbtained for bio-

chemical determinations on admission and at convalescence prior to



release. Acute and convalescent anion gaps will be calculated, and
the charge, DAG, explained on the basis of changes in the ionic
equivalence of the normal-ionic &onstituents of blood, and/or addition
of organic acids such as léctate.or keto anions.
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b. Research Review Committee:

c., Director:




o oo - O e e T L E a

SECTION II - RESEARCH PLAN

Presence and Biochemical Basis of an Increased Serum Anion Gap in the

metabolic acidosis of Cholera.

Introduction:

Objective:

Metabolic acidosis can be divided into two types: a hyperchloremic
non-anion gap and a normochloremic anion gap variety. Diarrhea, with
loss of bicarbonate in stoel, results in the former. Cholera appears
to be an exception in that it results in an anion gap acidosis. This
study intends to evaluate the characteristics of the metabolic acidosis
of cholera. The presence of an anion gap will be prospectively dogumented

and its biochemical basis defined.

Background:

Metabolic acidosis and dehydration:are the clinical hallmarks of
cholera, which if incorrected, lead rapidly to death. The paﬁhophy—
siclogy of saline depletion and dehydrétion in cholera, and their {
treatment, have been well descri@edl. The metabolic acidosis has beeﬁ i
less well studied, particularly its biochemical characterization, '
although its treatment2 controversies in treatment3, and complications
of treatment4, as well as its respiratory and hemodynhmic effect5 have

1 '
received attention.
The plasma and stool electrolyte compositions in choleré‘have béen

6,7,8.

previocusly elucidated. The metabolic acidosis has beéﬁ



attributed to bicarbonate loss in the diarrheal stool. As such, this
should result in a non-anion gap hyperholeremic metabolic acidosisg.
-There is evidence in the literature, culled by arithematic manipula-
tion of the reported serum electrolytes, that an increased anion gap is
present in cholera patients. This observation is confirmed from

- ' o]
retrospective data from ICDDR,Bl B

The serum anion gap is expressed as the difference between normally

r

measured cations and anions in Meq/L
or numerically, 10 - ¥40 - (l105+25). Since electrical neutrality is m
maintained in serum, the difference between the unmeasured anions and

. . ‘ i . 11 . .
cations must also equal the anion gap - The unmeasured anions consist

- —

of protein, inorganic phosphate and sulfate, and organic acids; and

us) 9,11
represent 14, 2, 1 and 5 MEg/L, respectively . The unmeasured
-._..——n——"_'-“ . . -

cations include potassium, calciym and magnesium. They represent

-5 {-s)
5, 5, and 2 mEq/L, respectivelyg’ll'

The diaénosis of metabolic acidosis is based on a low ar;erial
blood pH and a low ser\m biocgrbonate concentration. If there is &
compensatory increése in the serum chloride concentration, an increased
serum anion gap does not reéult. This is true of the metabolic acidosis
resulting from diarrhea, an obs;ructed uretero-ileostomy or uretero
sigmoidostomy, renal tubﬁ?ar acidosis, and treatment with a carbonic

. anhydrase inhibito% or ammonium‘chlorideg. When there is no compensa-

tory hyperchloremia, an increased serum anion gap occurs. The most

common explanation being addition-of measured organic acids such as

v [

.occurs in lactic or ketocacidosis, or with ingestion of salicylates,

: ' 9
methanol, gluteraldehyde paraldetyde or ethylene glycol®. Other equally

that is AG=Na - ( Cl + HCO3),

el



i
tenable, although less common, explanations for the increase in the

serum anion gap include a decrease in the normally unmeasured cations,
or an increase in the unmeasured anions. The increase in inorganic
phosphates and sulfates which occurs in chronic renal failure is an

example of this latter mechanism for the increased serum anion gap.

The water and saline depletion of cholera leads to clinicallyy
varying degrees of dehydration and ultimately shock. The latter may
resul£ in lactic acidosis. Dehydration can result in a slight, but
reportedly imperceptible, increase in the anion gapg. Although theo-
ratically, marked dehydration can lead to the concentration of the
normally present impereable anionic constituents of plasmarmost
importantly protein, and can therefore result in an increased anionic
equivalence12 and anion gap. This posibility, has noL been reported
to be of clinical significance, or described in detail. A recent studyl3
to define the biochémical basis of the increased.increment in the anion
gap in hospitalized‘patients with metabolic acidosis in the_United
States‘concluaed that 62% of the incremental anion gap could be accounted
for by‘lactate and ketoanions. Only 15% was attributable to changes in
the ionic eqﬁivalents of the normally preseﬁt anionic and cation
constituents of serum. a4 signi;icant percentage of the incremental
anion gap remained unexplained, despite, sophisticated biochemical
‘. dr-_;.terminations. ‘

‘-,‘ L o 41 16
. 'Although’changes in serum protein '~7, and magnesium have been

oy Pt
v H



reported in cholera, the existence of an anion gap metabolic acidosis

in cholera has not received attention to date, nor has its biochemical

basis been investigated.

SPECIFIC AIMS:

1.

To measure acute and convalescent serum electrolytes, protein, trace

minerals, organic acids, and blood pH in patients with cholera.

&

To calculate the acute and convalescent anion gap and the change in

anion gap, DAG.

To define the biochemical basis of DAG, by evaluating for the addition
of organic anions, or the change in normally 'unmeasured' serum anions’

and cations.

METHODS OF PROCEDURE:

Patient Selection - Twenty male patients age 18 years and above who

present to ICDDR,B with watery diarrhea will be considered. To be

selected they should have the following criteria:

a. stool should be positive for vibrio by dark field and
confirmed by culture

b. patient should have severe dehydration

¢. patient should no£ have any preexisting renal disease, diabetics,
recent history of ingestion of salicylate or on treatment with a
carbonic anhydrase inhibitor.

Informed consent - Each patient will be explained about the study.

They will be asked to givé permission to obtain 17cc blood on admis-

sion and at convalescence prior to release.



tad

7.

Rhydiation - All patients will be rehydrated with acetate solution to meet

their deficit. Any further losges in the stool will be replenished adequ-

ately. Capsule tetracycline 500mg/6 hr for 2 days will be given to all patients..

Serum biochemical measurements - 17cc of venous blood will be obtained by

routine sterile technique at admission before administration of any fluid

and at convalescence prior to release. Sodium, potassium, chloride and

total COp will be measured in mEg/L and calcium, magnesium and inorganic

phosphate and sulfate in mg/k. Serum will alsc be qualitatively assayed for
——

acetoscetate. by ACETEST reagent. Althcugh arterial blocd is supperior for lactate

and pH determinations, each can pbe adequately determined on vencus blood.

The guantitative determination of lactate with LDH, GPF and NAO will be

performed using a "Monotest Lactatekit (Boehringer-Mannhem Co.West Germany)

following the technique of "Noel" within 2 hr of specimen collection.

Calculation of serum ionic.equivalence - Calcium and magnesium ionic

equivalence can be calculated from the following formulas:

Ca mg/dl x 10
20 (% at. wt)

mg mg/dl x 10
12 {5 at wt)

Ca mEg/L = mg mEg/L

The ionic equivalence of protein and inorganic phosphate can be calculated

from the following formulas:

Negative charge in mEq/L = 10.3 (pH-5.66) XC.1 (Total protein in gm/éi) (13)

1

co[p in mgmmd1}/31) (13
l+E_OpH_6 .8 (lOpH—6. 8“)]

Phosphate in mEg/L
C

[

Lactate in mg/dl can be converted to mEq/L by dividing the concentration by 0.9.

Serum frop Selected patients will be subjected to millipore filter centrifu-
gation to remove serum proteins. The anion gap will be calculated before
centrifugation, and on the filtrate. The percentage reduction in anion gap
will be measured and compared teo the calculated value of protein contribution

by the direct measurements of ions and proteins.



SIGNIFICANCE AND RATIONALE

Cholera constitutes a serious health proklem in developing countries
such as Bangladesh. Since the demonstration in the early 1960's of
sclute coupled active intestinal sodium transport, application of this
information to the rational therapy of cholera has resulted in a marked
decrease in mortality. Modifications of the constituents of both oral
and intravenous rehydration sclutions are being continuously investigated.
Such modification requires an understanding of the biochemical and
physiologic perturbations of cholera. This study proposes to define the
biochemical basis of the anion gap metabolic acidosis of cholera. Such
a demonstration would also contribute an important addition to the acid-
base literature, esﬁecially if a large percentage of the incremental anion
gap is shown to be secondary to charges in ionic equivalence, particularly

serum anionic protein.

FACILITIES REQUIRED:

The present Hospital and Biochemistry Laboratory Facilities are

sufficient to carry out this study.

ANALYSIS OF DATA

Data sheets will be kept for every patient listing all quantitative and

L

qualitative acute and convalescent biochemical determinations. The anion
gap, andJDAG,-will belcalculated. The contribution to DAG of changes in

acute and convalescent ionic equivalence will be expressed as percentages.
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ABSTRACT SUMMARY:

1. This study proposes to define the presence and biochemical basis

of the increased serum anion gap metabolic acidosis in cholera.

2. The risks are negligable, and include only those related to blood
drawing. Only previously healthy adult males will be selected in

order to avoid risk to anemic or pregnant persons.

3. Risks will be minimized by achereing to the usual sterile technique

of blood drawing.

4. Confidentiality will be maintained by use of patient hospital

number rather than name.
. Signed informed consent will be obtained.
G. There will be no interview.

7. The potential benefits include, for the patient, the usual careful
treatment that all patients at ICDDR,B receive, and for society,
the elucidation of the biochemical basis of the increased serum
anion gap acidosis of cholera, which may further benefit the ongoing

modification of existing rehydration solutions.

8. This study requires only the use of blood from patients with cholera.
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SECTION III - BUDGET
" (DETAIEED BUDGET)

Personnel Services

Name Postition Period

sEffort Taka

Dr. Mahfuzul Hug Pr. Investigator 4 mths
Mr. M.,A. Wahed " "
Pr. R. Islam Consultant v
Dr. T. Butler " "

Not nameqd Biochemistry Technician

Supplies and materials:

Stool cultures 50 x Tk.5 = 250

Blood electrolytes 50 x $2.02 per test
Stool electrolytes 50 x $2.02 per test
Blood protein 50 x $1.80 per test
Stool protein 50 x $1.80 per test

Monotest lactate (estimated)
Blood clacium. Magnesium 50 x $2.74 per test
Syringes, needles 50 x $1

Equipment - O

Patient hospitalization - 150 Tk. per day for 30 patients

3 days each = 9000

Qutpatient care - O

ICDDR,B transport - O

Travel and transportation - 0O

Rent - O
Printing - O

Other contractual services - O

Construction/Renovation - O

X

30
20

30

Dollar

.145
18C

193

10
101
101

90

80
500
274

50

563

$2,297
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BUDGET SUMMARY

Personnel services
Supplies & Materials
Egquipment

Patient hospitalization
Outpatient care

ICDDR,B transport

Travel & transportation
Rent

Printing

Other contractual services

Construction/Rencvation

Total :

{Conversion rate $1 = Tk.24)

Us$
518.00

1,216.00

563.00

2,297.00
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ICDDR, B {Anion gap)

& CONSENT FORM

ICDDR,B is an internationél centré for research on diarrheal
disease. You have become ill wigh cholera and will be treated
routinely with fluids and antibiotiecs. The Centre wishes to

draw blood (exactly l7cc)‘to measure minerals aﬁd acids and protein
in your blood. The same amount will be drawn 3 days later before
you leave the hospital. The results will not change yocur treatment
but will permit us to learn more about cholera. The amount of blood

we take is not at all dangerous to you during this illness.

If you do not wish to participate in this study, your treatment

will be the same.

If you agree to participate, please sign here.

Patient

Investigator

Date
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