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PREFACE

This investigation was designed to study aspects of mechanism(s) of
jon and water transport across the midgut epithelium of the replete

female Gulf Coast tick, Amblyomma maculatum (Koch) employing an in vitro

technique. The primary objective was to determine the feasibility of
using an in vitro technique which would allow consistent and substantial
readings of transepithelial potential differences from the isolated mid-
/gut preparations to be established and maintained. Transepithelial
potentials were established and subsequent experiments, including the
effects of gases (N2, 02, C02), pH, temperature, chemical inhibitors
(2,4 dinitrophenol, ouabain, potassium cyanide) and alterations of the
icnic composition of the bathing media were conducted. Hemolymph from
feeding and replete females was also introduced to the bathing medium.
Sincere appreciation is expressed to the author's major advisér,
Dr. John R. Sauer, assocciate professor, Department of Entomology, for
his guidance during this study and in preparation of this manuscript as
well as providing fimancial support through the National Science
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Appreciation is also expressed to Dr. J. Alexander Hair, associate
professor, Department 0F-Entomo10gy; for his critical review of this
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.- . GHAPTER I
-INTROBUCTION

Because digestion in ticks is specialized toward complete protein
assimilation, excess water and -various ions in the bleod .meal must be
removed (Balashov, 1972).

Removal of excess ions and water from the hemolymph is accomplished
primarily by the salivary glands in ixoedid ticks (Kaufman and Phililips,
1973a; Tatchell, 1967). 1In addition, a large amount of water is moved
to and incorporated by the developing eggs in engorged females. The
first barrier that must be transversed by the molecules is the midgut
epithelium. Mechanisms associated with ien and water transport across
midgut epithelial cells in Ixodoidea have not been investigated to date.

This investigation was designed to study.various mechanism(s) of
electrolyte movement across gut diverticula of the replete female Gulf

Coast tick, Amblyemma maculatum (Kech), employing.an in vitro technique.

Potential -differences of the epithelium were established and maintained
with subsequent additions and alterations of the external bathing

medium (i.e., metabelic inhibitors, gases, pH, temperature, ionic saline
substitutions) to see the possible effects on the potential difference.
Attempts were made to correlate mechanism(s) to the function of ion and

water balance in- ixodid ticks.



CHAPTER II

REVIEW OF THE LITERATURE

The Gulf Coast tick, Amblyomma maculatum (Koch) is a highly

specialized bloodsucking arthropod and an obligate temporary parasite
of birds and certain mammals. This particular ixodid or "hard" tick
is primarily distributed in the United States along the Gulf and
Atlantic coast states, with its heaviest distribution being in Central
and South America (Robimson, 1926).

Amblyomma .maculatum is a three-host species with the adults being

found primarily on larger mammals (i.e., cattle, horses, sheep, deer)
and rather rarely on man. When this tick occurs in large numbers it is
a source of great irritation to domestic animals, especially cattle.
Other ixodidé have been associated with pathogen/toxin fransmissioh
(French, 1973; James and Harwood, 1969; McCue et al., 1948; Nutall,
1974; Reik, 1966; Spruance and Bailey, 1973; Sutton and Arthur, 1962);
the Gulf Cost tick has also been shown to harbor a rickettsia and it is
not known in what animal this organism produces disease in nature
(Parker et al., 1939).

Each instar (larva, nymph, adult) requires a b]opdmea] for develop-
mental processes. The larvae and nymphs attach to a host for 5 to 7
days and ingest the bloodmeal; when replete, the tick drops to the
ground where molting takes place. Adult females may engorge to repletion

in less than 14 days. Copulation takes place on the host, and it



appears that some degree of engorgement is necessary.for sexual matura-
tion. The adult male remains attached to.the host for .longer periods
of time with a smaller.quantity of bleod. being.ingested. .The replete
female (avg. weight =-1.3 g) can ingest approximately 2 ml of blood

(H. Koch, personal -communication). This bloedmeal is necessary for
oocyte development as well as its nutritional value. The mated female,
upon repletion, drops from the host and begins ovipositing as early as
three days off the host. Depending upon the environmental conditions,
the average life cycle of A. maculatum takes approximately 28 days to
complete (Bequaret, 1945; Lancaster, 1973; Robinson, 1926).

Once the food has been ingested, it is moved through the alimentary
canal to the stomach where the food materials are broken down by diges-
tive enzymes. Some digestien, but mainly abgorption, occurs in the
small intestine; )

The organs of the digestive system in the tick are the oral appara-
-~ tus, pre-oral cavity, a pair of salivary glands, pharynx, esophagus,
midgut (stomach.and diverticulae), small intestine, rectal sac and the
anal aperture. The gross anatomy of the gut has been reviewed by Arthur
(1962), Balashov (1972), Douglas (1943), and Rhosdy (1961) on several
tick species. The midgut, a small saclike stomach and seven pairs of
lateral diverticulae, occupies most of the hemocoel dorsally. This
basic morphology of the midgut is charqcteristic of the Ixodidae.
Histological changes of the gut epithelium during the process of feeding
and digestion have been studied by -Chinery (1964), Hughes (1954), Lees

(1952) and Ti11 (1961). By direct observation of Dermacentor andersoni

(Stiles), Gregson (1960) was able to show the alternating salivary

secretory and blcod sucking activities during the feeding process.



Chinery (1964) states that the histological appearance of the stomach
and diverticulae are similar, being composed primarily of three cell
types: digestive (columnar epithelial cells), secretory and undiffer-
entiated cells. The histological and histochemical appearance of the
midgut epithelium varies with the age and physiological condition of
the tick.

The physiological and biochemical aspects of digestion have also
been studied by Araman (1972), Kitacka (1961) and Tatchell (1962, 1964).
Present know]édge on digestion is incomplete as there still remain
questions about the functional correlations to be made between extra-
cellular, luminal and intracellular digestive processes; the digestive
cell specializations; and -the mechanisms of these cells in the midgut
epithelium which are responsible for moving molecules across the cyto-
plasmic membranes.

Osmoreguliation (salt and water balance) of the internal body fluids
becomes quite critical to bleodsucking arthropods as the host's blood
contains a large percentage of water which must be eliminated effi-
ciently by the arthropod te maintain homeostatic functioning of the
various systems. The vertebrate blood that is ingested by the arthro-
pod contains 75-85% (avg.) water, 14-16% hemoglobin and other microcon-

stituents (Balashov, 1972). In Rodnius prolixus Stal (Maddrell, 1963;

Wigglesworth, 1931), Glessina spp. (Lester and Lloyd, 1928) and other
bloodsucking dipterans, excess water is eliminated via the malpighian
tubules. Argasids or "soft" ticks remove excess water and ions by the
coxal gland (Araman and Said, 1972; Lees, 1946), whereas in the ixodids,
the osmoregulatery organ is the salivary gland (Tatchell, 1967; 1969).

Although water elimination and solute transport is most intensive on the



attached engorging tick, the same mechanism(s) of.transport may also be
present and functioning, though not possibly as actively, in the process
of moving molecules to the developing eggs in the replete female.
Whether it be an engorging or replete tick the midgut may then possess
certain mechanisms involved in solute transport which create potential
differences.

The intracellular and extracellular media in 1living cells differ
markedly in jonic composition. The cell must then.-maintain favorable
homeostatic conditions to be able to transpert and eliminate various
ions through the plasmalemma. The cellular ionic differences between
the exteﬁna] and internal media are due te a semipermeable membrane.
Where a cell membrane separates the intracellular and extracellular
fluid, a potential difference is created due to the ionic differences
(charges/electrogenic) across that membrane. The potential difference
then, is a polarization of -the cell membrane as a result of the charge
concentrations of ‘the ions in the media. Maintaining the integrity of
the cell requires specific cellular mechanisms to regulate the transport
of various ions and molecules into and out of the cell (Coster, 1973;
Rothfield and Finkelstein, 1968).

The transmural potential difference is the easiest electrical
measurement to make in which the potential of the fluid in contact with
the serosa is recorded relative to the fluid in contact with the
luminal surface of -the intestine. Electrical contact is made by KCI
bridges linked to calomel half cells and the electrical imbalance is
recorded by a voltmeter (Barry and Diamond, 1970). In vitro studies
have utilized either open-ended sac preparations or a piece of intes-

tinal tissue clamped between two chambers containing physiological



saline (Caldwell, 1968; Teore]],;]953; Wright et al., 1969). Two
potentials are involved in a continuous epithelium; one across the
apical cell membrane and the other across the basal membrane. Intra-
cellular recordings show that the inside of the epithelial cell is
negative relative to both -the serosal and luminal media (Anderson and
Ussing, 1960; Whittemburg, 1963; Wood et al., 1969). Koefoed-Johnson
and Ussing (1958) have demonstrated that the transporting epithelial

cells of the frog skin (Rana temperaria) have a high potassium and a

low sodium concentration intracellularly. This Na+-K+ concentration is
characteristic of 1living cells and is responsible for maintaining the
cell's integrity. -Relative to an electrode in the Tuminal fluid, the
potential acress the serosal membrane is larger than (and of opposite
polarity) that across the luminal membrane. Transepithelial potentials
are derived from the sum of these two transmembrane potentials.

The relationships between ion movements and electrical measurements
across the frog skin were established by Ussing (1949a, b; 1966). Since
jons and water are absorbed across intestinal walls, it might be
expected that the electrical characteristics of the gut epithelium
would reflect some of the intestine's transfer abilities (Anderson and
Ussing, 1957; Ussing and Zerahn, 1951; Ussing and Windhager, 1964).

Salt and water absorption by the intestinal epithelia cells has
been the subject for numerous transport studies in vertebrates. Epi-
thelial transport of electrelytes and nonelectrolytes in vertebrates has
been reported primarily on tead bladders (Wade et al., 1973), small
intestines (Binder et al., 1972a; b; Ellery et al., 1972; Flower et al.,
1973; Fromm, 1973) and gall bladders (Diamond, 1962a, b; 1964; 1968).

These systems of transcellular absorption appear to depend upon the



operation of processes of -transport-censisting of pumps and passive
leaks located in the cell membranes. Recent studies also suggest that
the mechanisms of salt and water transfer-by the intestine are closely
coupled with these for the transfer of ether molecules.

Invertebrate electrolyte transpert studies in the intestine are not
as extensive as the vertebrate investigatiens. Harvey et al. (1964,
1968a, b, c; 1971), using isolated midguts of the cecropia silkworm

[Hyalophora cecropia (L.)], have discevered that the midgut potential

arises from the active transport of potassium from the serosal to the
luminal side of the gut. Sodium and lithium are actively transported by
the midgut, but the sedium transpert system is not sensitive to ouabain.
- Quabain is a'chemiCAT'inhibitor-that'is'specific for the inhibition of
“the :ATP-ase associated with the ‘Na+-+K+ pump.

Investigations by Sauer et al. (1969a, b) using the isolated midgut
of the American cockreach neted that selute absorption may still take
place in the absence of significant net water movement. The midgut
mechanism which appears to centrel water movements across the midgut
epithelium is sensitive to the chemical inhibiter dinithrophenol (an
uncoupler of oxidative phesphorylation). Frem these investigations,
Mills et al. (1970) and $gﬂgk“et al. (1969) identify the midgut as an
osmoregulatory organ; |

O'Riordan (1969) studied the electrolyte movement in the isolated

midgut of Periplaneta americana (L.). The isolated midgut was able to

maintain a potential difference of approximately 12mV (lumen negative to
hemolymph). The potential could be metabolically inhibited by nitrogen
-and dinitrophenol. Ouabain was only effective on the serosal side of

the tissue. The auther -suggests that a Tinked Na+-K+ pump is indirectly



responsible for the petential and directly invelved in the Na+ trans-
port into the hemoelymph.
Kaufman and Phillips (1973a, b, c¢) have.recently investigated the

jon and water balance in the female ixoedid tiek, Dermacentor andersoni.

The authors have shewn that the salivary gland is the major route by
which excess NaCl and water is eliminated. This gland is an osmoregu-
latory organ because it controls hemolymph volume by eliminating excess
jons and water. The salivery glands could be stimulated to secrete in
vitro by adfenaTine,-noradrena]ine, and dopamine. This indicates that
salivary secretion is prebably under neural rather than hormonal contro1,
The hermonal stimulants were ineffeective in-vitro. Salivation in D.
andersoni -also invelves passive movements of water coupled to the active
transport of -a solute or the presence of a chloride pump on the epithe-

1ial cells.



CHAPTER III
MATERIALS AND METHODS
Experimental Animals

Ticks used in all experiments were replete female Gulf Coast ticks,

Amblyomma maculatum, which were reared at the Oklahoma State University

Medical Entomology Laboratory. Stanchioned sheep served as hosts for
the unfed adult ticks. The unfed adult ticks were placed in cells

which consisted of ‘a piece of erthopedic stocking approximately 6 inches
in diameter and 10-inches deep that were glued laterally to the dorsal
midline of the thoracic and lumbar regions of -the sheep. FormicaR brand
contact cement was used for cell adhesion to the host (Gladney and
Drummond, 1970). The area within the cell was sheared to facilitate
tick attachment to the host. The sheep were infested with equal numbers
(Range of 38-45 pairs) of male and female A.-maculatum and the ticks
were allowed to feed until repletion. The replete ticks were collected
on a daily basis and transferred to dated glass vials which were kept at

laboratory temperatures (23 + 2°C).

- In Vitre Technique

Midgut ti'ssue was-obtained from the dissection of the replete Gulf
Coeast tick approximately three to seven days off the host. A portion
of the midgut divertieulae was- carefully removed and placed on one-half

of a lucite holder (Figure-1). With a fine probe, the tissue was
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incised longitudinally dewn the -length of .the diverticula and opened
carefully with a fine camel-hair brush. The ingested bloodmeal was
scraped free from the midgut epithelium by the camel-hair brush with
subsequent mounting of the isolated epithelium ever the centrally placed
hole (diameter of 0.1 mm) in the lucite holder. Upon proper mounting of
the epithelium, the two lucite hemi-tissue chamber holders were brought
together and clamped tightly with SwinglineR binder clips. The only
barrier between the two sides of the holder is the tissue which creates
a liguid-junction potential (Bures et al., 1967).

The tissue was bathed on both sides by 300 pt of a modified tick
culture solution from Rehacek and Brzostewski (1969). The composition
of the modified saline solution used in the experiments as the standard
saline is shown in Table I. Al1l dissections were done in the standard
saline (osmolarity = 0.65-0.69°C; pH 6.8) at room temperature (23 +
2°C). Osmolarity determinations of the salines used in the study were
measured with a Cliften Technical Physics Nanoliter Osmometer, expressed
as the freezing point depression (-A°C), being sensitive to the nearest
+0.001°C (Frick and Sauer, 1973). The pH of the salines was deter-
mined by the Coleman Medel 39 Standard pH Meter.

Electrical contact with the bathing selutions is made through
moveable saline--3M-KC1 agar bridges which also make contact with a 3M-
KC1 solution centaining the two calemel half-cell electrodes. The
potential difference acress the midgut epithelium was measured on a
Keithly 155 Null Detectoer -Microveltmeter via the electrodes (Figure 1).

An- equilibrium perioed of 15 minutes was allowed for each prepara-
tion with potential -readings being recorded every five minutes for one

hour. The standard saline was removed after 15 minutes and experimental



Figure 1. Diagram of -the .in vitro .Apparatus for Transepithelial
‘Potential -Difference -Measurements.
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 fABLE I

COMPOSITION OF .THE MODIFIED SALINE SOLUTION *+

13

Salt mM/1
NaC1l 110.00
Na2H2PO4' H20 14.45
NaHPO4 . 7H20 7.50
KHCO3 16.30
CaC]2 2.80
MgSO4 2.40
Insitol 1.90
Glucose 27.70
Bovine albumin 0.1 ¢

* pH 6.8

+ -A° = - 0.65-0.69°C



14

saline (saline of different ionic composition, pH, temp., etc.) was
substituted on one or both sides of .the gut with.the new potential dif-
ference being recerded-faer 30 minutes. . -The standard saline was reintro-
--duced and.the measurements centinued.  Under every experimental condi-

tion, the experiment-was repreated on at least 10 preparations.
- -Resting Membrane Potential

Initial midgut preparations were tried with the replete lone star

tick, Amblyomma-americanum (L.), but insufficient amounts of tissue made

the preparations difficult and potentials were not obtained on a regular
basis.

We then chose the replete Gulf Ceast tick, since it was twice the
size of the Tene star tick and sufficient ameunts of midgut tissue could
be obtained readily. Midgut preparations were also tried on engorging

-female Gulf Coast ticks that were still attached to the host. Due to
the fragility of the tissue during the feeding process, preparations
were not feasible. -The poetentials for all the experiments were obtained
from the replete female, A. maculatum;-and no potential differences less
than 4.8mV were used for-an éXperiment,

The initia]lprepafations were-checked for poessible tissue damage by
adding 10 ug of a lL}G»inan solution to 290 u% of the standard bathing
saline on one side of the holder. After a period of 30 minutes, 10 ui
were withdrawn from the other holder and placed in 15 ml of the liquid
scintillant of Wharton et al. (1965). The radioactivity was measured
with a Beckman 100-Liquid Seintillation SystemR°

The bathing salines were initially aerated before being introduced

into the holder; because there was no effect upon the potential, this
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step of the technique was excluded.
Chemical -Inhibitors

The chemical-inhibiters used in this study were potassium cyanide
(KCN), 2,4 dinitrephenol (DNP) andvouabainIWith.eaéh-inhibitor being
used at the following concentrations: 3'x.10'3, 3 x 10“4, 3 x 107°M.
Ten u& of the inhibitor were added tb one or both sides of the gut after
- a minimum equilibratien period of 15 minutes. Potentials were recorded

for an hour with no restoration of the original standard saline.
Bathing Media Alterations

-The ionic cembosition of the moedified saline (Tab]e I) was altered
to see the effects of varieus ions on the -petential. Sulfate (SOz ions
- substituting for C17 jons) and choline (cheline ions replacing Na+ jons)
- ‘salines were used. -The composition of the altered salines is shown in
Table II. The sulfate.and choline salines had a pH of 6.05 and 6.9,
respectively. Electrolytes were balanced in both salines, thereby
creating no change in the osmolarity. of -the solutions. fhree hundred u%
of the}a]tered salines were introduced to one or both sides of the gut
and after_a 30 minute period the standard saline was reintroduced for

15 minutes.
Temperature Variations

The temperature range of the experimental salines that was intro-
duced on both sides of the-tissue after 10 minutes was 5°, 15°, 25° and |
37°C. - The:standard saline (23°C) was placed in a cold water bath or on

-a temperature contrelled het plate to obtain fhe necessary experimental



TABLE II
COMPOSITION OF THE ALTERED SALINE SOLUTIONS

16

Sulfate Saline (pH 6.85)

Salt mM/1
Na2804 55.00
Na2H2P04 . HZO 14.45
NaHPO4 . 7H20 7.50
KHCO3 16.30
CaC]2 2.80
MgSO4 2.40
Insitol 1.90
Glucose 78.40
Bovine albumin 0.14

Choline Saline (pH 6.9)

Salt mM/1
ChC1 111.28
Na2H2PO4 . H20 14.45
NaHPO4 . 7H20 7.50
KHCO3 16.30
CaC]2 2.80
MgSO4 2.40
Insitol 1.90
Glucose 27.70
Bovine albumin 0.1g
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temperature. All éiperimenta] salines were placed on both sides of the

tissue for 40 minutes.
pH Alteration

Since the standard saline had a neutral pH, 6.8, we decided to use
a range of *+ 1.0 from the standard to obtain the acidic and alkaline
salines. The composition of the acidic and alkaline salines is shown
on Table III. A1l the experimental pH salines were introduced on both

sides of the tissue.
Gases

One hundred percent carbon dioxide, oxygen, and nitrogen purchased
locally in compressed form were the experimental gases employed in this
study. The standard saline was continually gased for 15 minutes with

the respective gas before introduction on both sides of the tissue.
Hemolymph

Feeding adult female ticks having a weight range of 0.3 to 1.4g,
were removed from the host daily. Hemolymph was obtained by inserting
a probe through various portions of the abdominal cuticle into the hemo-
coel while gently pressing the cuticle so that hemolymph would flow
through the cuticular puncture. Ten 2 of hemolymph were collected
directly by calibrated capillary tubes and introduced to 290 u% of
standard saline on one or both sides of the gut.

The same method of collection and introduction of hemolymph as that
described for feeding ticks was .employed also with replete adult female

ticks (weight range of 0.9 to 1.4g).



TABLE III
COMPOSITION OF THE PH SALINE SOLUTIONS
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Acidic Saline (pH 5.85)

Salt mM/ 1
NaCl 110.00
Na2H2PO4 . H20 57.70
NaHPO4 . 7H20 0.00
KHCO3 16.30
CaC]2 .80
MgSO4 .40
Insitol .90
Glucose 27.70
Bovine albumin 0.1g

Alkaline Saline (pH 7.85)

Salt mM/ 1
NaC1 110.00
Na2H2PO4 o H20 7.20
NaHPO4 . 7H20 7.50
KHCO3_ 16.30
CaC]2 2.80
MgSO4 2.40
Insitol 1.90
Glucose 27.70
Bovine albumin 0.14¢




CHAPTER 1V
RESULTS
Establishment of Transepithelial Potentials

The relationship between the transepithelial potential and time
is shown in Figure 2. A minimum of 20 experiments were done to obtain
the average transepithelial potential of 6.8 + 1.2mV (+ means S.D.).
The lumen was negative to the serosal (hemolymph( side in all experi-
ments. Preparations could be maintained for up to three hours but were
not used for more than one hour as the potential steadily declined at
a rate of 1.0-1.5 mV/hr. Low potential differences were observed on
replete ticks recently fallen from the host and those beginning to ovi-
posit. The most stable and highest potentials were cobtained from
replete ticks approximately 3 to 7 days off the host. The decline in
potential when correlated with the number of days off the host may be
due to the natural degeneration of the tissue and/or the physiological

state (i.e., oviposition).
Effects of Chemical Inhibitors

The first chemical inhibitor of transport used was potassium
cyanide (KCN). Cyanide combines with cytochrome oxidase to prevent its
transfer of electrons in the respiratory chain thus preventing high
energy phosphate formation (ATP). The effects of adding 10 px of KCN

t0 the standard saline on one or both sides of the tissue at three

19



Figure 2. The Relationship Between the Transepithelial Potential and
Time. Each point (@) represents the mean of 10
measurements + S.D.
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concentrations .are shewn.in Figure 3. .Slight inhibition.was induced by
]053Mvpotassium cyanide when present.in .aither .or both .sides of the
bathing saline solutions. .As the concentration..of .potassium cyanide
decreased, .1ess inhibition was observed; but. neither side responded to

107°

M .of this inhibitor.

2,4 dinitrophenel .(DNP), the .second chemical .inhibiter employed in
this study is knewn to effect transport meehanisms .by .uncoupling the
cellular respiration process of exidative phesphorylation (Hechster and
Quaster, 1963). -A-substaﬁtia] fall in . the petential difference was

3

induced by 10" °M dinitrophenol when .placed only.on the seresal side of

the tissue (Figure 4). This serosal inhibitien was also effective,

though more s]ow]y,'at-]0'4

M and relatively ineffective to this inhibi-
tor at ]0'5M, Somewhat surprisingly enly slight changes in the poten-
tial difference were observed when DNP was placed .on beth sides of the
tissue at all concentrations (Figure 4).

Quabain . (strophanthin-G), a.cardiac.glycoside, which is thought to
be a specifie inhibiter of .sodium.transpert, is.assumed.to exert its
~chief action on.the ATP-ase system associated with a transport mechan-
ism. The effects of the.addition of ouabain to .the bathing saline
solutions are shown in Figure 5. Ouabain.was ineffective when placed on
the Tumen side bathing medium, but.a .significant .potential decline was

3 and 10_4

induced on the serosal and beth side(s) of the.tissue by 10~ M
of this inhibitor. Ouabain was also somewhat effective on the serosal
side, though more s]ow]y,'at.lo'SM, The results suggest that the
potential difference is dependent upon the activity of a ouabain-

sensitive "pump ATP-ase" on the seresal side of .the gut epithelium.



Figure 3. The Effect of Potassium Cyanide (KCN) on the Potential
: Difference in the Standard Saline. Each point represents
the mean of 10 measurements + S.D. KCN placed on lumen
(®), serosal (o) and both (A} side(s) of the gut
epithelium.
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Figure 4. The Effect of 2,4 Dinitrophenol on the Potential Difference
in the Standard Saline. Each point represents the mean
of 10 measurements + S.D. DNP placed on Tumen (@),
serosal (o) and both (a) side(s) of the gut epithelium.
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Figure 5. The Effect of Quabain on the Potential Difference in the
Standard Saline. Each peint represents the mean of 10
measurements + S.D. Ouabain placed on lumen (e),
serosal (o) and beth (A) side(s) of .the gut epithelium.
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Effects of Altered Ionic Composition

of -the Bathing Media

Figure 6 shows the effects of a su]fate-(usua]1y an‘impermeab]e
anion) and choline (usually an impermeab]e.cation) bathing salines upon
the pofenfia] difference. Each experimental saline was substituted in
one or both sides of the gut tissue after a‘minimum equilibration period
of 15 minutes with subsequent restoration of the standafd saline.

The substitution of sulfate ions for chloride ions in the standard
saline led to a slight increase in the potential when placed on the
lumen and both sides of the gut epithelium. ;This increase was main-
tained until the.standard-sa]ine was restored. The sulfate saline on
the serosal side of the tissue caused a rapid, pronounced decrease and
reversal of the potential followed by.an almost complete festoration
hpon reintroduction of the standard sa]ihe.

| A choline saline, in which all but 21.95 mM/1 Na® was placed with
choline, caused a decrease in the potential when placed on the Iumina]
side. -This decrease was maintained but the normal -potential was
restored with thé replacement of the standard saline. The choline
saline on the serosa induced a.slight increase. Choline saline on both

sides of the tissue caused a slight decrease in the potential.
Effects of Varieus Gases, pH, and Temperatures

The effects of various gases (N2, COZ’ 02) on the potential are
shown in Figure 7. The experimental gaséd salines were introduced on
both sides of the tissue for 30 minutes with the standard saline rein-
troduced at the end of the experimental recording period. The presence

of nitrogen in the bathing saline led to a decrease which was maintained



Figure 6. The Potential Difference in Sulfate and Choline Bathing
Saline Solutions. Each point represents the mean of 10
measurements + S.D. Experimental salines placed on
Tumen (@), serosal (o) and both (A) side(s) of the gut
epithelium.
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Figure 7. The Effects.of Various Gases (N5, CO2, 02) on.the Potential
Difference When Placed on Both Sides of the Tissue. Each
point (A) represents the mean of 10 measurements + S.D.
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but the normal potential value could not upon reintroduction of tﬁe
standard saline be restored. Carbon dioxide induced a gradual decline
in the potential which was irreversible. .The substitution of oxygen
for air resulted in a 3.0mV rise which gradually declined to the normal
potential value in .20 minutes. The experimental gas results indicate
that the -transporting mechanisms do require aerebic conditions for
optimum functioning.

An acidic saline (pH 5.85) was introduced after a minimum equili-
bration period of 15 minytes to both sides of the tissue énd caused a
decrease of 3.3 mV after 60 minutes (Table IV).. The alkaline saline
(pH 7.8) when substituted for the standard saline induced a 1.0mV rise
in the potential followed by a slight decline (Table V). From this
data it appears that the mechanisms present do .function at both alkaline
and acidic pH. However, the mechanisms appear to be most stable and
consistent at a neutral pH, 6.8 but the potential can also be maintained
though not as-well in.the alkaline and . acidic media. The highest and
most stable potential:is best achieved at a neutral pH 6.8.

The effects of temperature on the potential difference are shown
in Figure 8. All of the experimental salines were introduced to both
sides of the tissue-after the minimum equilibration .period. A chilled
saline (5°C) produced a prompt, irreversible fall in the potential. A
s1ight decrease was observed upon the .addition of a 15°C and 25°C saline
respectively. The 37°C saline induced a.sharp, rapid‘increase in the
potential with.a . gradual decline as .the saline cooled to room tempera-
ture. Temperature does appear to effeet the energy-requiring mechanisms

associated .with potential maintenance.
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TABLE IV

THE EFFECT OF AN ACIDIC SALINE SOLUTION*
ON THE POTENTIAL DIFFERENCE **

Time Potential Difference + S.D. ***
(min.) (mV)

00 5.7 + 1.0

10 4.5 + 1.5

20 3.9+ 1.3

30 3.4 + 1.5

40 3.0+ 1.3

50 2.5+ 1.0

60 2.4 + 0.8
*

*%e

F*kdk

Saline pH, 5.85

Each potential reading was ocbtained by placing the acidic saline on
both sides of the tissue.

Each potential difference represents the mean of 10 measurements
+ S.D.



TABLE V

THE EFFECT OF AN ALKALINE SALINE SOLUTION*
ON -THE POTENTIAL -DIFFERENCE **

36

Time Potential Difference + S.D.***
(min.) (mv)
00 : 6.8+ 1.7
10 6.9 +1.8
20 6.4 + 1.7
30 6.0+ 1.8
40 5.8 + 1.7
50 oo b5+ 1.7

60 5.4 +1.6

* Saline pH 7.80

** Fach potential reading was obtained by placing the -alkaline saline
on both sides of the tissue.

*** Fach potential difference represents the man of 10 measurements
+ S.D.



Figure 8. The Effects of Various Temperatures on the Potential
Difference. Each point represents the mean of 10
measurements + S.D. The experimental temperature
salines were placed on both sides of the tissue (A).
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Effects of Hemolymph

Preliminary studies were initiated to observe the effects of
hemolymph from feeding and nonfeeding adult female A. maculatum on the
potential difference. The initial data does indicate that there is a
factor present in the feeding tick's hemolymph which induces a slight
increase of approximately 2.0-3.0 mV in the potential difference. No
change in the potential was observed when the hemolymph was placed on
the Tuminal side of the tissue. Hemolymph from nonfeeding ticks did
not appear to effect the midgut potential significantly. At this time,
no conclusions may be drawn from this preliminary data.as further ex-
periments need to be.conducted te investigate the "hemolymph factor" to

verify these observations.



- .CHAPTER V

DISCUSSION

From the results it is.evident that a bioelectric potential does

exist across the . tick midgut epithelium in vitro. .The potential does

not appear to arise from passive physical forces because the potential
can be maintained up te three hours .in the .absence of .any chemical
gradients between the lumen and serosal side of the tissue; and the
potential does decline .in the presence of various metabolic inhibitors.
The chemical inhibitions were relatively slow and sometimes less
with the inhibitor on both sides of the tissue which may be due to a
diffusion factor within the Tucite holder or the difficulty of penetra-
tion by these molecules into the tissue.. Irvine .and Phillips (1971)
neport very ambiguous results upon the addition of dinitrophenol and
potassium cyanide to in vitro preparations of the desert locust rectum.
0'Riordan (1969), using an -in vitro cockroach ventriculus preparation,
observed no-inhibition of the potential with cyanide and jodacetic acid
which apparently failed to reach the appropriate tissue sites.
Dinitrophenol, an uncoupler of oxidative phosphorylation, was an
effective inhibitor especially on the seresal side of the tissue. This
potential decrease indicates that there are probably energy-requiring
.processess .associated with the poetential that are dependent upon aerobic
metabolism. Additienal evidence for oxidative metabolism by the midgut

cells is the effect of -carbon dioxide .and nitrogen on the potential.
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Both gases deprived the tissue of a ready source of energy (i.e.,
oxygen) which.caused .a potential decline that could not be restored
upon the addition of aerated salines. The gases may have effected the
intracellular pH thereby deactivating the metabelic enzymes associated
with transport mechanisms. |

On the serosal side, ouabain induced a significant decrease in the
potential difference.. Ouabain is believed to.be.a.specific inhibitor
of membrane ATP-ases and has been.associated with Na* -k pumps in verte-
brate and invertebrate tissues (Coplon and Maffly, 1972; Glynn, 1964;
Treherne, 1966). Several-investigators (Cooperstein and Brockman, 1958;
0'Riordan, 1969) .report .that ouabain is.ineffective when placed on the
lumen side of the epithelium as is the case in the tick midgut. On the
basis of this evidence, one could suggest that the tick midgut serosal

pump is a linked Na+aK+ pump. Other ixodid tigks, Amblyomma americanum

and Dermacentor andersoni, have a high hemolymph sodium concentration

(Kaufman and Phillips, 1973a; Shih et al., 1973). An active transport
mechanism, (i.e., Nat-K" pump) is probably responsible by creating
gradients for the high sodium concentration in the hemolymph. Care
should be taken when interpreting these results . as passive forces may
alter as well as complicate or change.the true normal potential value.
The involvement of various ions in the transepithelial potential
is confirmed by the experiments in which concentrations of these ions
in the standard saline solution were .altered. .The experiment using
the sulfate saline, non-penetrating sulfate ions . substituting for
chloride ions, discounts a possibie seresal chleride pump. The sulfate
saline induced an increase when placed -on the luminal side but a

pronounced decrease resulted on the serosal side. The potential
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difference then is not dependent upon a chloride pump and probably some
chloride ions leaked through the midgut epithelium in the standard
saline, thereby partly disguising the true size of the potential by
short-circuiting the system. The rapid and dramatic reversal in tissue
polarity when sulfate was placed on the hemolymph side only but not
when. on both sides or in the lumen only indicates an ability of anions
(probably chloride) to diffuse easily from the lumen to hemolymph in
the presence of a concentration gradient.

The Tuminal border of the midgut was sensitive to the choline
saline, choline ions substituting for sodium ions, indicating that
sodium does move across this border rather easily and after a period of
time is transported across the serosal membrane into the hemolymph.
This serosal potential increase verifies the cellular sodium movement.

It seems reasonably certain from the experimental results of this
study that a Na+ - K+ pump s situated in the tick midgut epithelium.
Sodium ions diffusing into the epithelial cells from the midgut Tumen
would mostly be pumped out again on the serosal side and into the hemo-
lymph. This sodium pump may indirectly be responsible for the midqut
potential. This net sodium transport which creates a solute gradient
(probably chloride jons passively involved also) might induce an osmotic
movement of water in the same direction. The pump would then be en-
tirely responsible for maintaining a high pctassium concentration and a
low sodium concentration inside the cell, thus.indirectly reqgulating
the hemolymph volume of the replete tick. Active sodium transport
accounts for most of the net ionic movements observed across many
epithelia. Across the frog skin and toad bladder, the net transcellular

jonic movements consists almost entirely of sodium accompanied by
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chloride.
Kaufman and Phillips (1973a; b; ¢) and Tatchell (1969) cite the

salivary glands of two ixodid ticks, [D. andersoni; B. microplus

(Canestrini)] as osmoregulatory organs in feeding ticks because of their
ability to regulate hemolymph volume via.the salivary secretion. These
authors suppose that it is the act of salivation which ultimately regu-
lates the volume 6f hemolymph. From this study on A. maculatum, a mid-
gut pump may alsc be indirectly related to hemolymph volume as it may
create the necessary gradients to eliminate excess ions and water via
the salivary glands. The effect of the addition of hemolymph on the
potential suggests that.a hemolymph factor (i.e., hormone(s)) may be
present which alters the permeability of tﬁe membrane thereby contorl-

ling ionic movements across the midgut epithelium.



CHAPTER VI
SUMMARY AND CONCLUSTONS

This study describes the effects of metabolic (chemical) inhibi-
tors, gases, pH, temperature and ionic saline substitutions on the mid-
gut transepithelial potential difference of the replete female Gulf

Coast tick, Amblyomma maculatum (Koch) using an in vitro technique.

The isolated tick midgut epithelium maintains an average potential
difference of 6.8 + 1.2mV (+ mean S.D.) (Lumen negative to serosa) in
the standard saline solution.

The size of the potential could be reduced by various metabolic
(chemical) inhibitors, i.e., potassium cyanide, ouabain and dinitro-
phenol. Ouabain significantly inhibited the potential on the serosal
side but was ineffective when placed on the lumen side of the tissue,

The sulfate saline enhanced the potential on the luminal border
but caused a rapid decrease which was reversible upon the reintroduc-
tion of the standard saline on the serosal side. The choline saline
induced a potential increase on the sercsal side and a decrease on the
luminal side. ’

Nitrogen and carbon dioxide when present in the bathing media
produced a potential decline which could not be restored to its normal
value. Oxygenated saline solutions produced a slight increase in the
potential. The potential appears to be oxygen dependent.

The potential is-best maintained at a .neutral pH 6.8, but can also
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be maintained though.not .as.stable and consistently.in.an alkaline or
acidic media.

The effects of temperature on the potential indicates that temper-
ature does appear to.effect the energy-requiring mechanisms associated
with potential maintenance.

Hemolymph obtained from feeding ticks does appear to have a
“"factor" which causes an increase.in potential differences when placed
on the serosa of the tissue.

The experimental results appear to indicate a Na+ - K+ pump situ-
ated in the tick midgut epithelium. This sodium .pump may be indirectly
responsible for the midgut potential but is primarily involved in the

transport of sodium into the hemolymph.
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