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Abstract

This study was carried out to investigate the effect of ruta graveolens extract on
hepato and nephrotoxicity induced by gentamicin on experimental rats. 35 albino
rats of Sprague-Dawley strain were randomly distributed after adaptation period into
two main groups (7 of each), the first main group was kept on the basal diet as
negative control (-ve), The rest of the animals (n = 28) were subcutaneously
injected with gentamicin (100ml/ kg body weight/ 7day/i.p) for the induction of
hepatotoxicity and nephrotoxicity .After injection rats were divided into 4 subgroups.
The first subgroup of rats was as a positive control group (+ve). The other
subgroups were fed on the experimental diets containing different levels of ruta
graveolens extract 5%, 10% and 15%, respectively. At the end of the experimental
period (6 weeks) liver and kidneys functions were determined. Also, antio xidants
enzymes were determined. Histopathological examinations for liver were done. The
results indicated that liver enzymes ALT, AST and ALP were decreased in groups 3,
4 and 5, respectively compared with the positive control group. Uric acid and
creatinine were significantly improved in all tested groups compared with the
positive control one. Moreover, antioxidant enzymes (GSH, SOD and CAT) were
significantly improved in all examined groups compared with the positive control
group. It could conclude that Ruta Graveolens had a potential effect against on
hepato and nephrotoxicity damage therefore this study recommends increasing
dietary intake of Ruta Graveolens could be beneficial for patients with hepatic and
nephrotoxicity damage.

Key words: Ruta Graveolens, liver enzymes, Hepatic Damage, Antioxidant
Enzymes.

Introduction

Ruta graveolens L. (Fetid Street) is a perennial herb with a woody stem,
branching from the base, smooth and round, up to 80 cm high, belonging to
the family Rutaceae. The main active substances of the medicinal plant
Ruta graveolens are flavonoids (quercetin; rutin), furocoumarins and
alkaloids (Kathirvel et al., 2017). Rutin, which is a phytochemical compound,
has already shown its multiple pharmacological benefits including
antioxidant, neuroprotective, cardioprotective, or even anti carcinogenic
effects (Camille et al., 2023).

Renal physiology plays an important role in maintaining homeostasis by
regulating; the water and acid-base balance, electrolyte composition, blood
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pressure, erythropoiesis, and production of some enzymes and hormones
(Puelles & Huber , 2022). Its main function is the excretion of potentially
harmful substances including drugs, infectious agents, and toxic ants from
the body (Gilbert &Weiner, 2022) Thus, nephrotoxicity largely consists of
renal injuries caused either directly or indirectly from medications that
clinically present with glomerulopathies and tubulopathies Sales & Foresto,
(2020).

Nephrotoxicity is the major dose-limiting side effect of many
chemotherapeutic including cisplatin and doxorubicin therapy ( Oun et al.,
2018) The gold standard in practice to confirm clinical nephrotoxicity
includes elevated serum creatinine, uric acid, sodium, potassium, calcium,
ATPase levels and blood urea nitrogen while the same parameters are
decreased in urine samples. The elevation of prominent biomarkers in
serum and not in urine could be due to tubular obstruction and back-leakage
of substances in the renal tubules leading to deficient protein synthesis,
membrane lipid per oxidation Ranasinghe et al., (2023)

Liver disease accounts for approximately 2 million deaths per year
worldwide, 1 million due to complications of cirrhosis and 1million due to
viral hepatitis and hepatocellular carcinoma. Cirrhosis is currently the 11th
most common cause of death globally and liver cancer is the 16th leading
cause of death; combined, they account for 3.5% of all deaths worldwide.
(Asrani et al., 2018). The same authors reported that approximately 2 billion
adults are obese or overweight and over 400 million have diabetes; both of
which are risk factors for non-alcoholic fatty liver disease and hepatocellular
carcinoma.

Liver is one of the dynamic organs that has a crucial role in
macromolecules metabolism, bile acid biosynthesis and detoxification
process of circulating agents (Zheng et al., 2022). Liver injury is attributed to
multiple issues as subjection to repeated doses of drugs, medicine-based
treatment, and toxic substances in the surrounding environment (Attallah et
al., 2022). Gentamicin can cause kidney problem and inner ear problems .
The inner ear problems can include problems with hearing loss and
balance. If used during pregnancy, it can cause harm to the developing
fetus. However, it appears to be safe for use during breastfeeding.
Gentamicin is a type of aminoglycoside and works by disrupting the ability of
the bacteria to make proteins, which typically kills the bacteria.

Gentamicin also, occurs as consequence of some diseases like non-insulin
dependent diabetes mellitus, chronic kidney, and heart failure (Byrne and
Targher, 2022). In many cases of untreated liver injury is progressed to liver
cirrhosis, fibrosis, and cancer (Kermanizadeh et al., 2022).

219



Ttasneem Sobhy Fahmy and Asmaa Ahmed M. Hussein

Materials and methods
Materials:

Gentamicin, cellulose, vitamin mixture and minerals, kits for biochemical
analysis were purchased from EI-Gomhoria Company for Trading Drugs,
Chemicals and Medical Requirements. Ruta graveolens were purchased
from the local market.

Thirty-five albino rats of Sprague-Dawley strain weighing approximately
150 + 5 gm were purchased from Helwan Farm for Experimental Animals,
Cairo, Egypt.

Methods:
Experimental animal design:

Preparation of basal diet:

The basal diet was prepared according to Reeves et al. (1993). It
consists of 20 % protein, 10 % sucrose, 4.7% corn oil, 2% choline chloride,
3.5 % salt mixture, 1% vitamin mixture, and 5% fibers. The remainder was
corn starch up to 100 %.

Animals were divided into two main groups (n=7, once). The first main
group (n=7) was fed on the basal diet during the experimental period as a
negative control group (-ve). The rest of the animals (n=28) were
subcutaneously injected with gentamicin (100ml/ kg body weight/ 7day/i.p)
for the induction of hepatotoxicity and nephrotoxicity. This dosage was
proved to be effective from the earlier report as stated by Adriana et al.,
(2022).

After injection, animals were divided into 4 subgroups as follows:
Groupl: Rats with hepatic and nephro toxicity were fed on the
experimental diet as positive control group.

Group2: Rats with hepatic damage were fed on the experimental diet and
receive 1ml/day of Ruta Graveolens extract at concentration 5 %.
Group3: Rats with hepatic damage were fed on the experimental diet and
receive 1ml/day of Ruta Graveolens extract at concentration 10 %.
Group4: Rats with hepatic damage were fed on the experimental diet and
receive 1ml/day of Ruta Graveolens extract at concentration 15 %.

At the end of the experiment (6 weeks) all rats fasted overnight, lightly
anesthetized under ether. Blood was withdrawn into clean dry centrifuge
plastic tubes. Blood samples were centrifuged and serum was obtained then
stored at -20° C in a clean well stopped vial until analysis.

Biochemical Analysis:

The liver enzyme alanine aminotransferase (ALT) was determined in
serum to the method of Sherwin, (1984). Aspartate aminotransferase (AST)
was determined according to Young, (1990). Serum alkaline phosphatase
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(ALP) was determined according to the method described by Roy, (1970).
Serum uric Acid concentration was determined by the method of Fossati et
al., (1980). Creatinine was determined according to the method described by
Henry, (1974). Serum glutathione (GSH) was determined according to
Carlberg and Mannervik, (1985). Serum CAT activity was measured in
tissue homogenate according to Aebi, (1984). Serum superoxide dismutase
(SOD) was determined according to Aebi, (1984), and Nishikimi et al.,
(1972), Serum triacylglycerols was determined enzymaticlly according to the
method described by Fassati and Perncipe, (1982). Serum total Cholesterol
was enzymaticlly determined according to the method described by Ellefson
and Caraway, (1976). Serum HDL-C was determined -calorimetrically
according to the method described by Lopez-Virella et al., (1977). Serum
LDL-C was calculated according to Friedewald’s formula (Friedewald et al.,
1972).

Statistical analysis:

Autopsy samples were taken from the liver of rats in different groups and
fixed in 10% formalin solution. The results were expressed as mean *
standard error (SE). The statistical analysis was carried out by using SPSS,
PC statistical software (Verion 18.0 SPSS Inc., Chieago, USA) using the
Dunk 'test multiple range post-hoc test. Data were analyzed by one way
analysis variance (ANOVA). The values were considered significantly
different at P <0.05 (Snedecor and Cochran, 1980).

Results and Discussion

Recorded results in Table (1) showed the effect of supplemented diet
with ruta graveolens extract on the activity of ALT& AST and ALP in rats with
hepatotoxicity and nephrotoxicity. It showed that the injected rats with
gentamicin alone without adding Ruta graveolens extract (positive control
group) have a significant increase in the serum levels of ALT& AST and ALP,
compared to normal rates. Whilst the treatment of hepatotoxicity rats by
feeding on a supplemented diet with 5, 10 and 15% of Ruta Graveolens
extract caused reduce significant in the serum concentration of ALT& AST
and ALP, compared to untreated hepatotoxicity rats. The best improved
results were reported in rats treated with high levels (15%) of Ruta
Graveolens extract.

Gentamicin is naturally produced by the bacterium Micromonospora
purpurea,was patented in 1962, approved for medical use in 1964.The
antibiotic is collected from the culture of the Micromonospora by perforating
the cell wall of the bacterium. Current research is underway to understand
the biosynthesis of this antibiotic in an attempt to increase expression and
force secretion of gentamicin for higher titer. Gentamicin is on the World
Health Organization's List of Essential Medicines.[11] The World Health
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Organization classifies gentamicin as critically important for human
medicine. It is available as a generic medication.

Ruta species are important because many active compounds and ruta
have many different secondary metabolites such as flavonoids have been
isolated and identified from them. A number of chemical constituents such as
alkaloids, coumarins, terpenoids, volatile substances, flavonoids and
furoquinolines have been isolated from different parts of the plant
(kuzovkina et al., 2004). The existence of saponin, Tannins and glycosides
has also been proven (Hashemi et al., 2011). Quercetin and rutin are the
main active flavonoids of R. graveolens. Rutin was first isolated from the
leaves of R. graveolens. Ruta have a high content of aliphatic acids, alcohols
and ketons were found in R. graveolens. R. graveolens produces high levels
of linear furanocoumarins, mostly methoxypsoralen and psoralen. Quercetin
and Rutin both are able to inhibit the hepatic aldehyde oxidase activity, which
was in a dose dependent manner. The inhibitory effect of Quercetin on the
enzyme was found to be more potent than menadione, the known specific
inhibitor of aldehyde oxidase (Gravot et al., 2004). All this active component
of R. graveolens enhanced the liver enzymes as shown in our results.R.
graveolens extract contains bioactive compounds which, independently of
known photo activatable mechanisms, potently inhibit cancer cell
proliferation and survival through multiple targets.

Ruta graveolens extract prevent the replication and proliferation of DNA

and mitosis.The apoptosis of hepatocytes and renal tubular cells were
occurred in gouts treated with the extract of Ruta. Also cell death and
apoptosis in colonic crypts were occurred in mice treated with Quercetin
and Rutine prepared from Ruta graveolens. In a study similar to our
study, had shown mild to moderate hepatotoxicity in laboratory findings
using hydroalcoholic extract of Ruta in mice. Although dried Ruta
graveolens is known as a plant with few complications commonly, they
observed that the aqueous extract of it has a more detrimental effect than
the ethanolic extract.
Kannan and Baba, (2012) recorded more than 120 different phytochemical
compounds from R. graveolens root and aerial parts. only a significant
elevation of alkaline phosphatase was noticed during treatment with R.
graveolens (Sahar et al., 2022).Ruta graveolens L. (Rutaceae) is a
medicinal plant widely used in the Mediterranean region to treat pain,
dermatitis, rheumatism, and other inflammatory diseases, but its use is
limited by its potential toxicity .
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Table (1): Effect of Supplemented Diet with Ruta Graveolens extract on the
Activity of ALT& AST and ALP in the experimental Rats

'\ Parameter as Mean + SD
ALP (u/ml) ALT (u/ml) AST (u/ml)
Groups
Negative control 2.06 +0.08 ° 33.09 +2.69 © 43.15+1.54°
group
Positive control 8.75+0.79 2 101.39 +7.12° 124.99 +3.81°
group
Treated groups with 5% 6.64 +0.34° 84.20 +3.64 " 103.08 +5.70 °
Ruta Graveolens < < <
extract at 10% 5.41+0.28 70.13 +3.50 82.32 £ 3.65
concentration 15% 449%051° 52.10+3.28° 66.58 + 4.30 °

Values are expressed as mean = S.D. Means with the different superscript letters
in the same column were significantly different at P < 0.05.

The results showed in Table (2), explained that rats with hepatotoxicity
and nephrotoxicity have an increased significant (p<0.05) in serum Cr and
UA concentrations in injected rats of gentamicin and fed on a basal diet
alone (positive group) (7.93 +£0.71&3.36+0.34) respectively, compared with
normal rats (2.31 + 0.28 &0.61+0.03) respectively, However, the results
showed that there was a decrease significant in serum Cr and UA
concentrations of injured groups gentamicin given the different levels of Ruta
Graveolens extract, compared to the positive group. The best improvement
in serum level of Cr and UA is shown in the treated groups by Ruta
Graveolens extract at a level of 15% compared to the other treated levels.
Ruta graveolens is endowed with potent anti-inflammatory effects due to the
presence of bioactive compounds like flavonoids. Since inflammation is a
hallmark of neurodegenerative diseases, Ruta graveolens has been
considered as a potentially effective remedy in this field.

Treatment of chlorpyrifos- and methomyl-administered rats with S.
officinalis and R. graveolens ethanolic leaf extracts significantly improved the
elevated levels of creatinine, urea and uric acid towards the normal levels.
These biochemical results are concomitant with the histological results which
indicated that S. officinalis and R. graveolens ethanolic leaf extracts have the
potentials of improving the histological architecture and integrity of the
kidneys of chlorpyrifos- and methomyl-administered rats as sections
obtained from this study showed a better histological organization of the
kidneys in the extract treated rats (Osama et al., 2017). These results are in
concurrence with other publication which elucidated that the hydroalcoholic
extract of S. Officinalis exhibited nephroprotective effect in gentamicin-
induced renal damage probably by its anti-oxidant activity, but further studies
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on its exact mechanism of action are wanted (Ashtiani et al., 2013).
Mahmoud et al., (2015) demonstrated the protective effect of R. graveolens
leaf extract against diethylnitrosamine-induced kidney damage in rats .

The phytochemical component of the R. graveolens has demonstrated
the presence of flavonoids, rutin, quercetin, lemonins and furocoumarin as its
major active constituents. Rutin and quercetin have been reported to
possess anti-oxidant, anti-renal disorders, anti-inflammatory, anti-thrombotic
and superoxide scavenger properties. Besides these, several essential oils
have been reported in R. graveolens having anti-inflammatory, anti-renal
disorders and cytotoxic properties (Khori et al., 2008).Some people use ruta
for breathing problems including pain and coughing due to swelling around
the lungs (pleurisy). Rue is used for other painful conditions including
headache, arthritis, cramps, and muscle spasms; and for nervous system
problems including nervousness, epilepsy, multiple sclerosis, and Bell's

palsy.

Table (2): Effect of Supplemented Diet with Ruta Graveolens extract on Serum
Concentrations of Creatinine and Uric acid in the experimental Rats

Parameters Parameter as Mean + SD
Uric acid Creatinine
Groups (mg/dl) (mg/dl)

Negative control group 0.61+0.03° 2.31+0.28 ¢
Positive control group 3.3620.34 ¢ 7.93+0.71°
Treated groups with 5% 2.24+0.29° 6.25+0.52°"
Ruta Graveolens < <

extract at 10% 1.46£0.04 4.85 +0.27
concentration 15% 111+ 0.10° 3.90%0.14°

Results in Table (3), explained the effect of the supplemented diet on the
serum levels of total Cholesterol (TC), Triglyceride (TG), HDL-c and LDL-c.
In comparison to the negative control group, IP injection of gentamicin
induced a significant (P<0.05) increase in serum concentrations of TG,
Cholesterol and LDL-c and decrease in the level of HDL-c. However, in
comparison to the positive control group, when rats feeding on the
supplemented diet with ruta graveolens extract resulted indicated
significantly lower in serum levels of total Cholesterol, triglyceride, LDL-c
and increase in the level of HDL-c. A better improvement in serum levels of
TC, TG, HDL-c and LDL-c, was discovered in treated hepatotoxicity rats with
the mixture of different levels of ruta graveolens extract.
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Dana et al., (2020) Showed that there was an increase in HDL and a
decrease in TG and LDL in rats fed ruta chalepensis L. This effect on blood
lipid profile may be explained by the ability of plant fibers to reduce the
cholesterol absorption, increase the clearance of TG and LDL and increase
the release of HDL. This finding agrees with the results of Makni et al.,
(2008) who found a significant inverse relationship between lipid parameters
and the fiber content. also found that rats fed a rich-cholesterol diet had an
increase in plasma TG, TC and LDL levels, with decreased circulating HDL,
thus providing a model for dietary hyperlipidemia. This result was consistent
with those of the present study.

Toserkani et al., (2012) reported that cholesterol and LDL reduction
using the plant extract, although were not observed any qualified changes in
glucose, triglycerides, VLDL and HDL levels. They showed cholesterol and
LDL reduction levels in diabetic rats after Rue extracts medication. Mitra et
al., (2019) reported that using Ruta Graveolens and their flavonoids extracts
caused cholesterol reduction in diabetic rats streptozotocin Ruta graveolans
Flavonoids & streptozotocin Ruta graveolans total (SRF and SRT) in
comparison with control (C) and treated Atorvastatin diabetic rats. These
results confirmed that R. graveolens flavonoids extract has antitriglycerides
effect in comparison with its total extract. Ruta Graveolens groups had
respectively the most glucose, urea and cholesterol reductions levels. But
total and flavonoids extracts and Metformin were not effective on
triglycerides reduction. These results are similar to Malika et al., (2017)
study which reported antilipidemic effects of Ruta Graveolens.

Table (3): Effect of Supplemented Diet with Ruta Grave lens extract on the Activity
of Cholesterol & Triglycride & HDL and LDL in the experimental Rats

Parameter as Mean + SD

Cholesterol (mg/dl) Triglyceride HDL LDL
(mg/dl) (mg/dl) (mg/dl)
Negative control group 63.30 +4.12 7 82.49 +2.98 ¢ 36.82+1.30° 14.50+0.74 °
Positive control group 115.00 +4.15° 136.65 + 3.66 ° 11.12+0.75°¢ 63.06+3.01°
Treated groups with 5 91.37 £3.81° 119.80 £ 4.47° 2.24+2.00° 41.99+2.01°
Ruta Graveolens %
extract at
concentration 10 84.30 +6.12 °° 101.99 £ 2.97 ¢ 1.46 +2.38° 36.58+1.24°
%
15 7774 +237° 96.14+2.87° 1.11+1.30°" 25.2242.74°
%

Results in Table (4) illustrate the effect of Ruta Graveolens extract on tissue

liver lipid peroxidation and antioxidant enzymes of experimental rats.
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Results of superoxide dismutase (SOD) concentration; as a marker of
oxidative stress; hebetic control group showed a significant decrease in SOD
concentration compared with the normal control group with a mean value of
(0.91+ 0.02 u/ml and 3.66+0.28 u/ml) respectively. Furthermore, the
treatment of hepatotoxicity rats by feeding on a supplemented diet with 5, 10
and 15% of Ruta Graveolens extract caused reduce significant increase in
resulted in SOD concentrations compared with the hebetic control group.

The data in the same table clarified that Glutathione (GSH) level was a
decrease in the hebetic control group with a mean value of (1.16x 0.07 p
/mg) compared with the normal control group (5.75%+ 0.28 p /mg). However,
all treated groups showed a significant increase in GSH levels compared
with the hebetic control group.

Concerning the first studied marker of oxidative stress; catalase (CAT)

concentration; results showed that there was a decrease in CAT
concentration of hebetic control group with a mean value of (1.09+ 0.04 u/ml)
compared with the Normal control group (4.44+ 0.20 u/ml). All treated groups
showed a significant increase in CAT concentration compared with the
hebetic control group. The best improved results were reported in rats
treated with high levels (15%) of Ruta Graveolens extract.
Mohammad et al., (2024) illustrated that ruta extracts and Ruta-ND treated
rats at the two doses displayed a significant reduction in the oxidative stress
parameters compared to Ova-sensitized rat. Regarding MDA, there was a
statistically significant reduction in the production of MDA in all of the treated
groups. Regarding SOD level, all R. graveolens treated groups showed a
significant increase in the SOD level compared to Ova-sensitized group. It
was noted that there were no significant differences in MDA and SOD levels
between Ruta 100 mg and 200 mg. These results indicate strong antioxidant
properties of R. graveolens which was supported by previous studies
(Asgharian et al., 2020, Pawankar et al., 2015). This strong antioxidant
effect may be attributed to the high content of flavonoids, especially rutin and
phenolic acids in R. graveolens (Park et al., 2009).

The major active R. graveolens components flavonoids, rutin, quercetin,
furocoumarin and lemonins plays an important role and a “lead” as a natural
substance in various diseases and anti-oxidant effect , anti-inflammatory
conditions and for many synthetic drugs (Khori et al., 2008).
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Table (4): Effect of Supplemented Diet with Ruta Graveolens extract on the Serum
Concentrations of MDA and the Activity of SOD Enzymes in the experimental Rats

Parameters Parameter as Mean + SD

GSH

(m. mol/mg/ protein)

C 

CAT

(u/mg/ protein)

SOD

(u/mg/ protein)

Negative control group 5.75+0.28 % 4.44+0.20° 3.66+0.28 *
Positive control group 1.16+0.07 © 1.09+ 0.04 ¢ 0.91+ 0.02 °
Treated groups with 5% 2.34+0.18 ¢ 2.04+0.10 ¢ 1.73+0.25 ¢
Ruta Graveolens > < 5 5
extract at 10% 3.07+0.15 2.82+0.13 2.55+0.23
concentration
15% 2.340.14° 3.45+0.46 " 3.02+£0.10°

Histopathological Examinations:

Histopathological examination of liver:
Microscopic examination of liver sections from the control group (pho.
1) revealed normal structure of hepatic parenchyma.

The liver sections from PC group (Pho. 2) revealed random multifocal
inflammatory cells infiltration in the hepatic parenchyma. Excessive vacuolar
degeneration of hepatocytes was observed in almost examined sections.

Widely grown in different parts of the world, this herb has historically
been in use since the ancient times. Its documented therapeutic uses
include the treatment of inflammatory conditions, liver problems, eczema,
ulcers, arthritis, fiboromyalgia, antidote for venoms, and insect repellent.

Limited improvement was observed in TTT 5% group (Pho. 3) that
characterized by fewer portal inflammatory cells infiltration and edema in
some examined sections and multifocal hepatic necrotic areas with fewer
inflammatory cells aggregation. Similar results were observed in TTT 10 %
with vacuolar degeneration in some instances (Pho. 4). Apparently normal
hepatic was recorded in TTT 15% group (Pho. 5).

Histopathological examination of Kidney:

Histopathological examination of kidney sections from control group
(Pho. 1) revealed normal renal cortex and medulla. Meanwhile, examination
of PC revealed diffuse necrosis of the renal tubular epithelium associated
with multifocal areas of interstitial nephritis (Pho. 2). Moderate improvement
was detected in TTT 5% group that characterized by vacuolar degeneration
in the tubular epithelium with multifocal interstitial nephritis (Pho. 3). Marked
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improvement was observed in TTT 10% that revealed congestion of some
blood vessels in the renal parenchyma with accumulation of eosinophilic
renal casts in the tubular lumen in some instances (Pho. 4). Apparently
normal renal parenchyma was observed in TTT 15 % in almost examined

individuals (Pho. 5).

Histopathological examination of liver:
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Pho. (1): Photomicrograph of liver, normal group
higher magnification showing normal hepatic
parenchyma (H&E).

Pho. (3): Photomicrograph of liver, TTT 5%
group showing mild portal fibroplasia with fewer
inflammatory cells infiltration (H&E).

Pho. (2): Photomicrograph of liver, PC group
showing portal mononuclear inflammatory cells
infiltration (arrow) with vacuolar degeneration in
the hepatocytes (H&E).

Pho. (4): Photomicrograph of liver, TTT 10%
group showing mild portal inflammatory cells
infiltration (H&E).
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Pho. (5): Photomicrograph of liver, TTT 15% group
showing apparently normal hepatic tissue (H&E).

Histopathological examination of Kidney

Pho. (1): Photomicrograph of kidney, control

group showing normal renal medulla (H&E).

Pho. (3): Photomicrograph of kidney, TTT 5%
group showing vacuolar degeneration of
tubular epithelium (H&E).

Y en

S n..,\ Zam

Pho. (2): Photomicrograph of kidney, PC group
showing diffuse necrosis in the renal tubular
epithelium with pyknotic nuclei and congested
blood vessels (H&E).

Pho. (4): Photomicrograph of kidney, TTT 10%
group showing accumulation of renal casts in the
tubular lumen (arrow) (H&E).
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Pho. (5): Photomicrograph of kidney, TTT 15%
group showing apparently normal renal medulla
(H&E).
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