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ABSTRACT
The present study deals with anatomy and physiology of renal excretion system. It also reveals role of kidney in renal

excretion along with rational mode of diuretic action. This review connects mechanism of various classes of diuretics
along with their active target site. Diuretic agents already proves it’s clinical effectivity against various disease
condition like hypertension, renal failure, nephritic syndrome etc.In this case, various in-vitro & in- vivo screening
models express their clinical importance. The present review emphasis on rational purpose, Experimental technique and
evaluation parameters of various screening models of diuretic activity. It also reveals the usefulness and importance of
these screening techniques regarding the evaluation of safety and effectivity of different members from various classes
of diuretic agents. This review also highlighted on effective several modifications of some screening models. So it
definitely helps to study the diuretic potential of different diuretic agents. The present review ultimately creates a good
set way for dose adjustment and lethal effect study of various classes of diuretics. so this review finally represents some
guidance to select novel techniques for screening of diuretic activity .it also reveals consequence of modification and
development of these screening techniques which will become better in future for screening diuretic potential of

various diuretic agents.

Key words: Diuretic agent, In-vivo techniques, in-vitro Screening models, Evaluation parameters,
Modifications
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The term diuretic is originally derived from an ancient term, “Diu oyrlih” (Diu means through & oyrlih
means to urinate). Diuretic concerns any material which promotes rate of urine formation and also facilities
excretion of water. It primaly increases the excretion of various electrolytes like sodium (Na*), Chlorine (CI),
Bicarbonate (HCOs3) and water. It also inhibits reabsorbtion sodium (Na*), Chlorine (CI"), Bicarbonate
(HCO3) and water. So final outcome will be the a) increased rate of urine formation ii) altered Urine Py iii)
ionic composition of Urine and blood will also be altered (H.Gerhard Vogel, Drug Discovery and analysis
medicine , Springer, 317-348)

a. Role of Kidney in Excretion-

Kidney plays important role in excretion. Basic functional unit of kidney is Nephron.Pathophysiology of
Renal Excretion system includes 3 main components like i) Glomeluar filtration ii) PCT ,DCT mediated
reabsorbtion iii) active secretion. It is shown in figure no 1.

Glomeluar filtration receives 25% of cardiac output. The filtration rate is 80-100ml/min.Normal per day
capacity of filteration for Bowman’s capsule is 180 lit. Proximal and Distal convoluted tubules mostly
reabsorb glomeluar filaterate. Proximal tubule reabsorbs 60-70% of sodium. It is water permeable. It is
isotonic with urine. It favours reabsorbtion of glucose, amino acid, cations. The prime target for water
reabsorbtion is proximal convoluted tubule .Loop of Henle shows sodium reabsorbtion. It is water
impermeable. Distal tubule favours sodium reabsorbtion. Collecting duct is water impermeable.

b. Rational mode of Diuretics-

Drug belonging to diuretic class show desired effect through the inhibition of reabsorption of several
electrolytes like Potassium, sodium, Chlorine and bicarbonate etc.Loop of Henle, early distal tubule , late
distal tubule and collecting duct which are offers themselves as a prime target site for diuretics. (Okusa MD,

author DH (2000))

The following table no 1 clearly exploits several classes of diuretic along with their site of action.

c. Diuretic activity evaluating models

There are several in- vivo and in- vitro methods are available for evaluation of Diuretic activity. Urine
Volume, Electrolyte concentration, these are common evaluating parameters in it. (Tarako et. al., 1991,)

These are several methods for Diuretic activity evaluation as follow,
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I] In vitro methods-

1. Carbonic anhydrase inhibition

2. Patch clamp technique in kidney cells
3. Perfusion of isolated kidney tubules
1] In vivo methods

1. Lipchitz value

2. Saluretic activity in rats

3. Diuretic and Saluretic activity in dogs
4. Micropuncture techniques in rats

5. Stop flow technique

IN VITRO METHODS-
1. Carbonic anhydrase inhibition

a. Rational background

The first recognized member from this class is Acetazolamide (Diamox®). It antagonizes activity of carbonic

anhydrase enzyme. As a structural point of view, it is synthetic derivative and exhibites presence of zinc in

their structure. It is mainly responsible for formation of carbonic acid from CO and water .it also carries

reabsorbion of sodium, bicarbonate and water in proximal convoluted tubule. So these inhibiters blocks

reabsorption of sodium, bicarbonate and water by antagonizing activity of enzyme carbonic anhydrase. In

1960, Scientist Maren was described micro method which sounds easy and efficient. Red cells are full

enrichment for it. Another prime source of the same is enzymes also located in the eye. (Frost SC et.al.2014)

Reaction scheme is proceed as shown in fig. no 2.

b. Experimental Procedure

Reaction Vessel (Monostat bench mounted flowmeter) is used. CO- flow rate is maintained on 30- 45
ml/min. Experimental flow chart is shown in figure no. 3(Maren TH, 1960)

In this model, following parameters are evaluated in duplicate samples:

Tu = (Uncatalyzed time) = required time to occur color change in the absence of enzyme.

Te = (Catalyzed time) = required time to occur color change in the presence of the enzyme.
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Tu—Te =enzyme rate

Ti = enzyme rate with the presence of assorted concentrations of inhibitor
c. Calculation
% reduction in activity of carbonic anhydrase enzyme is measured by employing below formula.

%Inhibition = 1- (Tu-Te) -(Ti-Te)

Measurement of Percent inhibition of CA - inhibitors is effective tool to access the diuretic potential of
several sulfonamides. There are several implementation have been reported for this procedure by Landolfi et
al. (1997). It measures time which is required to for pH alternation between 8 to 7.5.further alternation in

time period and P can be achieved with use of such CA enzyme inhibitors

2. Patch clamp technique in kidney cells -

a. Principle Ration

Entire Excretion process includes the various segments of the kidney such as like Loop of henle, early and late
covulated tubules etc plays important role in fluid reabsorbion. So in that case flow of substance either from
the tubular lumen to the blood stream (i.e. tubular reabsorption) or active secretion. Apart from active
transport, there are several coupled transport systems also available. Out of them, ion channels show strong
influence over the function of kidney cells. Various types of this technique quite differ from each other with
respect of use of single and whole cell ion channel. It allows a use of patch electrode consisting relatively
large tip (greater than 1 mm) along with smooth surface. (Sumanta Mondal, 2018)

There are various technique modes of patch clamp as follow,

1. Attached mode with cell

2. Excised mode with cell

3. whole-cell mode
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b. Experimental Procedure

1. Experimental technique allows compression of patch-clamp electrode opposite to a cell membrane and
vacuum is exerted to insert the cell membrane within the tip of electrode.
2. Due to such vacuum pressure cell creates tight, high-resistance gigaseal with electrode, (>10 giga Ohms),
as shown in fig. no 4. (Burg mb et.al, 1966)
1. Cell-attached mode:
This technique exhibits sealing the patch electrode within the cell membrane, which allows the passage of
currents through from the membrane patch within vicinity single-ion channels which is covered by
electrode tip. As shown in fig. no 5.
2. Whole-cell mode:
1. While comparison to previous cell-attached mode, extra more suction is employed through which
rupture of the cell membrane is achieved, so the inner cell passage experiences more access.
2. The electrode’s content takes a place of cell’s soluble content.
3. This technique permits passage of currents from entire ion channels of whole membrane in a single
operation only. As shown in fig. no 6.operational technique is represented in fig. no 7.
c. Evaluation-
A graph of drug’s concentration Vsion channel inhibition is plotted .Whole cell operational mode from patch
clamp technique provides better and effective estimation of sodium- Alanine co transport with help of
separated cell from assencending loop of henle. The apparent Km values for sodium and L-alanine can be
recorded. As shown in fig. no 8.
d. Modifications-
Several modifications have been made by Scientist Schlatter (1993) by using voltage gated macula densa
cells along with whole-cell operational mode from patch-clamp technique. In this technique effect of

diuretics as well as voltage gated ion potential of macula densa cell were effectively estimated.
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3. Perfusion of isolated kidney tubules -
a. Rational Principle
The different tubule s fractions like thin asseceding loop of henle, distal convoluted tubules etc etc.have
different functional properties. If the target site and Mode of action of diuretics is clearly known (mostly
regarding the clearance and micropuncture studies) at that time this is method of choice. This technique

involves measurement of change in concentration of solutes in perfusion fluid. (Chonko am et.al., 1978)

b. Procedure:

In 1966, Scientist Burg and his coworker were invented above perfusion mode of isolated kidney tubules.
After his invention, it has been effectively utilized with different animal species e.g. Wrister albino Rat, mice,
rabbit etc. The thin (<1 mm) tubule fragments are isolated from kidney and afterwards subjected into
development assembly. To perfuse suitable tubule, one end of the tubule is holed by micropipette. A perfusion
pipette is immersed into lumen of kidney. The remaining end of the tubule is sucked into collecting pipette
.The oil inside the collecting pipette prevents the evaporation .entire gathered fluid is received at suitable time
intervals by immersing a narrow gradual pipette in the collecting pipette .To approximate In- vivo situation,
an isotonic rabbit serum sample is collected by inserting tubule in rabbit serum bath. As shown in fig. no 9.
(BURG MB, 1982,)

c. Evalution:
The absolute volume of reabsorption is determined from the change in the concentration of an impermeable
marker like (3H) insulin, (1251) isothalamate in the collecting fluid. The presence of Leaks around the
perfusion pipette is detected from the appearance of the marker in the external bath.

(Jacobson fir, 1982)

IN VIVO METHODS

1. Lipchitz test

a. Principle

Lipchitz value measures ratio of water and sodium excretion of test animals (rats) to that of rats which are
already treated with Standard drug (dose as per reference).(Lipschitz, W.L., Haddidian, Z. al Id Kerpecsar, A.

(1943)
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b. Methodology

Species — Wistar albino rats (100-200 gm)

Sex - Male/female rats

Animals are divided into 3 group like as a test, control and standard.(6 animals in each group)

c. Procedure

In this procedure animals are divided into 5 groups. Each group contains 6 animals. Animals from each group
are placed in metabolic cages which are designed in such way that wire mesh bottom and funnel for easy
collection of the urine. Funnel is maintained with SS sieves to restrict feces but only passes urine. Group |
receives control (e.g. normal saline solution), Group Il receives reference standard (in standard dose as per
reference) while Group IlI, IV, and V are received test sample in dose according to acute toxicity study (mild,
moderate, high). Before experimentation, visible signs of disease are screened in animals and only healthy
animals are allowed for experiment. Food and water is withdrawn before 17-24 hrs of experiment. During
study a normal room temperature (25 + 20C) is maintained. Prime care has to be taken that before dosing of
sample/controls; Rat’s bladder is become empty by exerting pressure on pelvic area and by stretching of tails.
it ensures same quantity of dose is administered in each animal, which are mostly made in equal volume of
normal saline. This procedure mostly i.p. route is preferred for administration of reference/ test which
provides easiness and safety in concern of administration of larger doses of fluid. After administration,
animals are subjected to metabolic cage which is specially designed to collect urine. After 5 and 24 hrs, Urine
excretion volume is recorded. Flame photometry is used to determine Na content of urine. Lower doses are

preferred to test active compound. As shown in fig. no 10. (Danamma K.A.K, 2011)

d. Evaluation:

Following formula is employed to measure this index.

Lipchitz value = Urine output in test / Urine output in Standard.

Results are mentioned according to following predictions of this value which are represented in above table

no 2.
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2. Saluretic activity in rats
a. Rational Principle
The peripheral odema, Congestive heart failure and hypertension is treated by maintain excretion of
electrolyte and water. In that case however Potassium (K*) loss has to be avoided so from this incidence, there
is development of Saluretic and Potassium sparring diuretic Occurred. There are several modifications has
been made in this diuretic test of Rat in such way that along with Sodium & water content determination it
also includes determination of Potassium and Chlorine (CI") content . Osmolality determination is also part of
this test. Carbonic anhydrase inhibition (CA) and Potassium sparring effect is estimated through calculation
of electrolyte ratio. (Bicking JB et.al., 1965)
b. Experimental Technique-
This test can be performed with mostly Wister rat species (100-200 g) of Male sex only. Animals are divided
into 3 groups as like Control, Standard and Test. Each group contains 3 animals. Male Wistar rats are
maintained on normal diet like Altromin pellets and water. Before 15 hrs of experiment only food is
withdrawn. Test compounds are administered through oral route of dose 50mg/kg in 0.5mi/100g body
Weight of starch suspension. For proper purpose of urine collection, 3 animals are placed each metabolic
cage should carries only 3 animals along with wire mesh and funnel assembly at bottom. Urine excretion
volume is measured at 1 hr interval up to 5 hrs. after 5 hrs, Sodium (Na*) and Potassium (K*) content from
collected urine sample is estimated by using Flame Photometry. Prolonged effect of test sample is estimated
by analyzing urine sample which is collected up to 24 hrs. In this technique Furosemide or
Hydrochlorothiazide is preferred as a standard. (Kagawa CM, et.al, 1957)
C. Evaluation-

Saluretic activity is measured through sum of sodium and chloride excretion (Na* excretion + CI” excretion).
Natriuretic activity is calculated through ratio of Sodium excretion to that of Potassium excretion (Na*
excretion / K excretion). Carbonic anhydrase inhibition is calculated through ratio of chloride excretion to
that of sum sodium and potassium excretion (CI- excretion / Na* excretion + K* excretion). This ratio is

known as ion quotient. Activity interpretation is as shown in table no 3.
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d. Modification

Several modifications have reported in this method in concern of Aldosterone antagonists study. It can be

conducted by using Adrenolectomized Rats thoughts are treated with Aldosterone.

4. Diuretic and Saluretic activity in dogs
a. Rational Principle

In comparison to rats, dog’s renal physiology is supposed to be quite similar to man. So dogs are considered

more appropriate to study oral absorbability of diuretic substances. Urine collections at respective time

period interval can become a simple and compatible with use of catheters. Pharmacokinetics properties are

also studied by withdrawing blood samples. (Baer JE, 1965)
b. Experimental Technique-
For this study dogs (male/female) are used. Animals are divided into three groups (Control, Reference,
and Test). Each group contains four animals. Intensive training to be accustomed for Beagle dogs of
either sex have to gain gavages feeding and catheterization after every hr. during this period primly
monitored for any sign of resistance. Mostly metabolic cages were preferred for it. Water is used as
Control While, as standard controls either urea (1 g/kg, p.o.) or furosemide (5 mg/kg, p.o.). Before 24
hrs of experiment only food is withdrawn (water supply maintains). Urinary bladder is made empty by
using plastic catheter especially on the morning of the experiment. Dogs were received 20 ml/kg water
through gavages, followed by potable dose of 4
ml/kg at 1hr interval. Initial values are analyzed by catheterizing bladder for two times at 1hr interval and
afterwards urine sample was collected. Either oral or intravenous route is preferred for both test and
standard sample. Hourly catheterization is perennial over consequent six hrs. Animals are subjected to
metabolic cages for longer period of time so additional water supply was maintained. The dogs are
catheterized once more only after 24 hrs of dosage of the test compound and keep record of urine volume
along with together with the urine collected over night collected urine in the metabolic cage. Electrolyte
concentration like Na* and K* are analyzed by using flame photometer and CI" contents are analyzed with

use of Argentometry. Furthermore, osmolality evaluation can be done with an Osmometer. (Suki W et.al.,
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1965)
e. Observations -
The common evaluating parameters are like Urine output, electrolyte content and glomeluar filtration rate.
Comparison of these pretreatment values with water, controls and standards can be done by plotting
against time. Statistical analysis can be performed by using non-parametric
U-test.
4. Micropuncture techniques in rats
a. Rational Principle-
Micropuncture techniques discovered influence of diuretic on nephron activity. The changes in rate of
tubular fluid reabsorption and electrolyte concentrations are mainly used as evaluating parameters to confirm
effectivity of this technique. This technique is mostly conducted with rat. The Prime target sites for
micropuncture action are thick ascending loop of henle, distal convoluted tubules and collecting ducts also.
(Shipp jc, et.al., 1958)
b. Experimental Technique-
This technique is performed with rats (250g body wt.) of either sex.Thiopentone injection is administered
through intraperitoneal route in rats for anesthesia purpose. Before start of the experiment, only food is
withdrawn but allows water access. Only after anesthesia, the animals are mainted on a thermostatically
heated table and then after rats are tracheotomized. B.P. measurement, blood sample collection, and
compounds remedy such functions are conducted through cannulation of carotid artery and jugular vein. Flank
incision allows access of retroperitoneum region (excretory organ), which get enclosed in a small plastic
object along with cotton, and finally soaked with liquid paraffin oil at room temp. Cannula is inserted into
ureter and body temperature observed incessantly. After 3hrs, single large dose of inulin injection which is
prepared in NaCl solution & directly administered into bolus, then immediately 0.85% NaCl solution is
administered with flow rate of 2.5 ml/min and dose is calculated suitably as per 100 g body weight.
intravenous infusion is creates a gradual leakage of slender ,elongated channel only after 45 min. Glass
capillaries ( 8 tol0 um external diameter) is used to directly collect intracelluerer liquid sample from renal

cortex and medulla. a micromanipulator and microscopic observation is used for it. Lissamine green
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(through i.v. route) is used to identify distal tubule. Test samples are administered only after control sample.
Micropuncture is performed again only after ¥ hr equilibration period which get attained along with sample
specimen then collect tubular fluid. Urethral urine & blood sample is collected between clearance periods.
(Ulrich ki, Fromter f, Baumann k, 1969.)
c. Evaluation —
The evaluating parameters are as follow-
1. Inulin Clearance (GFR),
2. Single nephron GFR,
3. Fractional delivery of water,
4. Sodium and potassium electrolyte concentration in renal tubules and in urine also.
The statical techniques like one-way ANNOVA & Student’s t-test are applied to measured values of
evaluating parameters to compare between paired and unpaired data. Results are exploited as mean

values +SEM.

5. Stop Flow Technique

a. Rationale Purpose-

The passages of renal tubular fluid which get linned along with nephron structure are considerably localized
by using Stop flow technique. Glomeluar filtration rate is significantly reduced during clamping of the ureter.
When electrolyte concentration of intracelluer renal sample specimen is in ultimate static equilibrium-head
condition, at that time it increase contact time between tubular fluid & respective nephron segments. Once
clamp is released, it slightly modifies composition of the tubular fluid. The first sample is collected from
correspond the distal nephron segment and last followed from glomeluar fluid. Now days, Stop- flow method
is considered to be least preferred method in comparison with micropuncture technique. (Tobian LK, et.al.,

1964.)
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b. Experimental Methodology-
Stop flow technique can be conducted with different animal species. This technique allows clamping of
animal’s ureter for several minute which generates intense osmotic dieresis. Due to it, equilibrium renal
column pressure permits intact exposure between different renal segments for extra time period in comparison
with normal time period. So experimental technique on every segment of tubular fluid is enlarged. Once
clamp is released, and urine sample is collected respectively. In this series of activity, smaller samples are
collected in rapid manner while earlier collected samples expressing tubular fluid which is in contact with
distal part of nephron. Test samples are administered along with inulin before occlusion of urethra is carried
out. Downstream content of tubules especially from proximal part of nephron may alters the tubular fluid
content at time of enlargement. (Nagaoka, Y. et al., 2018)

C.Evaluation
Stop flow technique measures concentration content glomeluar marker sample such as inulin along
concentration content of test samples. After that fractional excretion volume of marker and test sample is
plotted against cumulative urinary volume.

d. Modifications
Several stop flow studies reported which are conducted with tubular secretion inhibitor as like pyrazinoic acid
especially on uric acid transport in rats. Scientist Tanaka et.al. is used this technique on dogs to study the

effect of uricosuric drugs also. (Nagaoka, Y. et al., 2018)

CONCLUSIONS

Now days several efficient screening techniques are available to evaluate diuretic efficiency of diuretic agents. It is most
effective way to judge potency as well as efficacy of various diuretic agents. It also provides useful information
regarding level of dosage regimen criteria of particular class of diuretic agents. Modification reveals recent advances in
existing technique.
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Table 1: Site and Mechanism of action of different diuretics.

Diuretics

Target sites

Effect on Excretion

Osmotic Diuretic

1. Proximal convoluted tubules

2. Loop of Henle
3. Collecting duct

Increases excretion of sodium and water

Carbonic Anhydrase Inhibitor

Proximal tubules

Increases excretion of sodium bicarbonate

(CA-1)
High ceiling Loop Diuretic thick ascending loop of henle Increases excretion of NaCl & KCI
Thiazides Early distal concoluted tubule Increases excretion of NaCl

K* sparing diuretics

Late distal tubule, Collecting
duct

Increases excretion of Na* and K* secretion

Table 2: Interpretation of activity

Lipschitz value

diuretic activity

Greater than 1

positive impact

Greater than 2

Potent impact

Table 3: Interpretation of activity

Saluretic Value

diuretic activity

natriuretic effect

Values >2

K sparing effect

Ratios>10
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Afferent Efferent
arteriole arteriole
1. Filtration
Glomerular 2. Reabsorption
capillaries 3. Secregon
4. Excretion

Bowman's
capsule

Peritubular
capillaries

Renal
vein

Urinary excretion
Excretion = Filtration — Reabsorption + Secretion

Figure 1. Excretion by kidney
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Figure 2 Reaction scheme
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Figure 4 Patch-clamp electrodes
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Figure 6 Whole-Cell Mode
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Figure 7 Operational mode of Patch clamp technique
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Figure 9 Tubule with perfusion pipette
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Figure 10. Metabolic cage
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