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Introduction

Abstract

Objectives Cyclosporine A (CsA) is an immunosupprsant drug used to prevent
graft rejection and in the treatment of several autoimmune diseases. Thy-
omquinone (TQ), a bioactive component of Nigella sativa, has strong antioxidant
properties and has been used in prevention of many toxicities, hence its protec-
tive effect and pharmacokinetic interactions with CsA was investigated in this
study.

Methods For bioavailability study, the rats were divided into four groups: TQ
(PO, 10 mg/kg) was given alone for 7 days, then TQ plus CsA for another
5 days, CsA was given by two routes (po) and (IP) in a dose of 10 mg/kg 1 h
after administration of TQ. Blood samples were taken at the 12th day at specified
times, CsA level was determined by immune assays. The protective effect of TQ
was studied. Blood samples for lab investigations and histopathology were taken
at the 28th day.

Key findings Thyomquinone reduced the bioavailability of oral CsA by around
32% (P > 0.05). However, bioavailability of IP administered CsA was not
affected. Chronic administration of CsA increased concentrations of fasting glu-
cose and Cystatin C and produced marked s kidney alteration of parenchyma
which was reversed by concomitant administration of TQ.

Conclusions A potential drug interaction between TQ and CsA, which may
reduced its oral bioavailability. Independently TQ caused significant attenuation
of CsA induced renal toxicity and diabetogenic effect.

such as toxicity, failure of immunosuppressive action or
even rejection of the transplanted organ.'?! CsA is exten-

Cyclosporine A (CsA) is a calcineurin inhibitor (CNI)
which remains essential components of immunosuppres-
sant regimens in many transplant centres and frequently
used for management of immune diseases. Mechanism of
action of CsA involves selective suppression of T-lympho-
cyte. Long term use of CsA is associated with several signifi-
cance adverse effects.'

Multiple drug interactions are also likely to occur in
transplant patients due to polypharmacy, dietary supple-
ments and alternative herbal medication/supplements.
Most of the drug or diet interactions involve induction or
inhibition of cytochrome P-450 system (cyt P450) or P-gly-
coprotein pump which may have serious consequences

sively metabolized by hepatic cytochrome system (CYP450
3A 4/5), which is subjected to considerable interindividual
variation and drug interaction.”®’ CsA has a narrow thera-
peutic window; insufficient dosing may pose the increased
risk of organ rejection, whereas overdose is associated with
toxicity.!*!

Although being an effective drug, there are some draw-
backs of using CsA. Chronic use of CsA is known to have
side effects most common of them being nephrotoxicity
and hyperglycaemia.!”) CsA also causes abnormal glucose
homeostasis by decreasing pancreatic insulin release and
increasing peripheral insulin resistance resulting in devel-
opment of hyperglycaemia.'>*!
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Thymoquinone (2-Isoprop 1-5-methylbenzo-1,4-qui-
none) (TQ), is the bioactive component of volatile oil of
black seed, Nigella sativa. Many researches demonstrated
that TQ has nephroprotective, anti-hyperglycemic,
hypolpidmic, anti-inflammatory, anti-neoplastic and hepa-
torotective activity.”®! TQ was reported to inhibit CYP3A,
an enzyme which is responsible for metabolism of majority
of drugs.'”! This might lead to herb-drug interaction, which
calls for its clinical assessment.

Since CsA is also metabolized by cytochrome system
(hepatic CYP3A), this study was designed to elucidate the
effect of TQ on bioavailability of CsA and to independently
evaluate its protective effect against CsA-induced nephero-
toxicty and hyperglycaemia.

Materials and Methods

Cyclosporine A oral (colourless clear solution, 100 mg/ml)
and injectable forms (colourless oily solution, 50 mg/ml)
were purchased from NOVARTIS Pharmaceuticals (Austra-
lia), Pty Limited, 54 Waterloo Road, Australia.
Thyomquinone powder (99%) was purchased from
Sigma-Aldrich chemicals (St. Louis, MO, USA).

Preparation of cyclosporine A vehicle

e Oral CsA: Half ml of oral cyclosporine solution (as sup-
plied) was added to 4.5 ml of distilled water, mixed well,
a clear solution was obtained (10 mg/ml) and was used
immediately.

e IP CsA: One ml of injectable forms (50 mg/ml) was added
to 4 ml of dextrose 5%, mixed well, a clear solution was
obtained (10 mg/ml) and was used immediately.

Preparation of thymoquinone solution

Ten mg of thymoquinone was dissolved in 1 ml propylene
glycol (PG) and was used within 1 h.

Animals and experimental design

The present research was carried out at King Fahd Research
Center between June and November 2016, and the experi-
mental protocol was approved by a unit of Biomedical
Ethics Committee for Research (Certificate no. 68404/37/D;
Dated: 27/01/2016) at Faculty of Medicine, King Abdul-
Aziz University, Jeddah, KSA. A total of 48 male Wister rats
weighing between 250 £ 25 g were used in this study. The
rats were acclimatized for 1 week and housed in plastic
cages (six rat each) in a temperature controlled (22-24 °C)
room with a 12-h light/dark cycle and were allowed free
access to standard rat food and water. All animals received
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good care complying with ethical standards. The study was
carried out in two independent phases: phase I aimed to
study the effect of TQ on bioavailability of CsA. Phase II
was conducted to study the protective effect of TQ against
CsA induced nephrotoxicity and hyperglycaemia. In all
experiments the dose of TQ as well as CsA was 10 mg/kg,
chosen on basis of previous study and previous work done
in our lab for CsA.'*!!

Experimental design for bioavailability
study

Rats were randomly divided into four groups (N = 6). In
each group, TQ was given daily for 7 days before starting
CsA administration to insure sufficient time to demonstrate
effect TQ on liver and GIT metabolizing enzymes. TQ
(10 mg/kg) was administered orally and CsA was given
either PO or IP at dose (10 mg/kg) in groups involving both
TQ and CsA, CsA was given after 1 h of TQ administration.
Group 1 received the vehicle alone (PG) for 1 week followed
by CsA (PO) for 5 days with continuing of PG administra-
tion. Group 2 received TQ for 1 week followed by CsA (PO)
for 5 days with continuing of TQ administration. Group 3
was given vehicle alone for 1 week followed by CsA (IP) for
5 days with continuing of PG administration. Group 4
received TQ for 1 week followed by CsA (IP) for 5 days with
continuing of TQ administration. At day 12, blood samples
were obtained from retro-orbital venous plexus from each
rat using capillary tubes (Micro Hematocrit Capillaries,
Mucaps) 1, 2, 3 and 5 h from CsA administration. Approxi-
mately 200 pl of whole blood was collected in ethylenedi-
aminetetraacetic acid (EDTA) tube and stored at 4 °C for
CsA analysis carried 147 within 7 days.

Cyclosporine A analysis

Cyclosporine A plasma level was determined using quanti-
tative immunoassay that measured CsA in whole blood on
the Dimension Vista® system using CSAE Flex® reagent
cartridge provided from Siemens Healthcare Diagnostic
Inc. (Henkestr., Erlangen, Germany). Blood samples were
diluted before analysis with blood from untreated rats to
obtain CsA concentrations within the range of the standard
curve. Sampling, reagent delivery, mixing and processing
are automatically performed by Dimension Vista® system.
The analytical method was validated by using calibration
control of CsA, coefficient of variation was less than 5%
within concentration range of 5-200 ng/ml. Limited area
under the CsA concentration curve (LAUC) was calculated
for each rat to obtain relative bioavailability of CsA by
using the linear trapezoidal method from time zero to time
t, where t is the time for last concentration obtained. The
AUC of CsA was estimated by using PK Solver 2.0.!'!
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Experimental design for protective effect
study

Rats were randomly divided into four different groups
(N =6). The dose of TQ, as well as CsA was 10 mg/kg as
previously stated and administration was repeated daily for
28 days for all groups. CsA was given 1 h after oral adminis-
tration of TQ solution. CsA was given IP in all groups
whereas TQ was given PO. Group 1 was control receiving the
vehicle (PG) alone, group 2 received TQ alone, group 3 com-
prised of both TQ + CsA (IP) given as described earlier and
group 4 received CsA alone. The IP route of CsA administra-
tion was chosen based on bioavailability study which revealed
no significant change in CsA (IP) bioavailability due to con-
comitant administration of TQ. All rats were weighted and
observed for behavioural changes or mortality during the
dosing and recovery period. At day 28, 2 ml of blood was
collected in a plain tube, centrifuged at 3000¢ for 15 min and
serum was separated and stored at —80 °C until used for kid-
ney function analysis (cystatin C, and serum creatinine). For
blood glucose analysis one drop of blood was taken from
each rat and assay was performed by Bayer's CONTOUR®
XT Meter according to the manufacturer’s instructions.

All animals were sacrificed under ether anaesthesia, kid-
neys were dissected out and slices of fresh kidney tissues
were cut and fixed in 10% buffered neutral formalin fixa-
tive for 24 h. Following fixation, the tissues were washed
and processed through an ascending series of alcohol (70%,
90% and 100%), cleared in xylene and infiltrated with wax
at 57 °C. Sections of 5-pum thickness were cut from the
embedded tissues, stained by aqueous haematoxylin and
alcoholic eosin and examined by Nikon microscopy at a
magnification of x1000.!"*!

Renal function assessment

Assessment was done using commercially available diag-
nostic kits provided from Siemens Healthcare Diagnostics
Inc.

Serum creatinine & Cystatin C analysis

Serum creatinine and Cystatin C levels were determined
using URCA Flex® reagent and CYSC 186Flex® reagent
cartridge respectively. 187 Measurement was done in a fully
automated Dimension Vista® system.

Blood glucose assessment

Blood sample were taken as a drop after overnight fasting
by using retro-orbital puncture. The blood sample was
applied on the test strip and inserted on Contour XT meter
which automatically generated the reading.
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Statistical analysis

The obtained data were presented as the mean £ standard
deviation (M £ SD). One way analysis of variance
(ANOVA) followed by post hoc test was carried out and sta-
tistical comparisons among groups were performed using a
statistical package program (SPSS, version 17.0). Pharma-
cokinetic data were analysed using an independent sample
t-test. All P values are two-tailed, and P < 0.05 was consid-
ered as significant for all statistical analyses in this study.

Results

Effect of TQ on relative bioavailability of
CsA

Table 1, Figures 1 and 2 summarize the effect of TQ on
mean AUC (1-5 h) (ng h/ml) of CsA after its repeated
administration (IP/oral) (10 mg/kg) for 5 days either alone or
1 h after oral administration of TQ solution (10 mg/kg). The
mean AUC of CsA (PO) alone was 17 725 + 6037 and AUC
of CsA (PO) + TQ (PO) was 11 995 £ 2218. The mean %
decrease in oral bioavailability of CsA was about 32%
(P > 0.05). On the other hand, the mean AUC of CsA (IP)
alone was 19 691 £ 3231 and AUC of CsA (IP) + TQ (PO)
was 20 541 + 8345. TQ produce unremarkable (4% increase)
effect on AUC of CsA after its repeated IP administration.

Effect on serum creatinine level

As shown in Figure 3, the mean level of serum creatinine
was significantly (P < 0.05) increased after 28 days of
administration CsA (alone) compared with control, TQ,
however, the concomitant administration of TQ with CsA
slightly (P > 0.05) attenuated the increase in serum crea-
tinine level.

Effect on Cystatin C level

As shown in Figure 4, the mean level of cystatin C was sig-
nificantly (P < 0.05) increased after 28 days of administra-
tion of CsA (alone) compared with control, TQ and

Table 1 AUC (1-5 h) (ng h/ml) of cyclosporine A after repeated
administration (PO or IP for 5 days) either alone or 1 h after thy-
omgquinone (PO for 12 days) (both at dose of 10 mg/kg)

Groups AUC (ng h/ml) % Changes
CsA (PO) 17 725 + 6037 32% Decrease
CsA (PO) + TQ 11995 + 2218

CsA (IP) 19 691 + 3231 4% Increase
CsA (IP) + TQ 20 541 + 8345

All data show insignificant difference (P > 0.05).
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Figure 1 AUC of CsA (means £ SD) following its oral administration

at a dose (10 mg/kg for 5 days) alone or 1 h after thyomquinone
(10 mg/kg) in rats, (Mcyclosporine A alone), (acyclosporine A + thy-
omquinone), Rats in cyclosporine A + thyomquinone group received
thyomquinone alone (10 mg/kg, PO, for 7 days) before bio-availability
experiment. [Colour figure can be viewed at wileyonlinelibrary.com]
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Figure 2 AUC of CsA (means + SD) following its IP administration at
a dose (10 mg/kg for 5 days) alone or 1 h after thyomquinone (10 mg/
kg, orally) in rats, (mcyclosporine A alone), (Wcyclosporine A + thy-
omaquinone), Rats in cyclosporine A + thyomquinone group received thy-
omaquinone alone (10 mg/kg, orally, for 7 days) before bio-availability
experiment. [Colour figure can be viewed at wileyonlinelibrary.com]

CsA + TQ group. However, concomitant administration of
TQ with CsA significantly (P < 0.05) attenuated the
increase in cystatin C level.

Effect on blood glucose level

The level of blood glucose significantly decreased in
TQ + CsA group as compared with CsA group alone. The
results are summarized in Figure 5.

Histopathology of the kidney

The kidney obtained from control group (Figure A1-A2 in
Appendix) showed similar features to those described in lit-
erature. The parenchyma consists of an outer cortex and
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Figure 3 Mean of serum creatinine (umol/l) in control, thy-
omquinone (10 mg/kg), cyclosporine A (10 mg/kg) and cyclosporine A
(10 mg/kg) + thyomquinone (10 mg/kg) group (duration of treatment
for 28 days). ‘a’ represents significance (P < 0.05) vs control and thy-
omauinone group.
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Figure 4 Effect of cyclosporine A (10 mg/kg), thyomquinone
(10 mg/kg), cyclosporine A (10 mg/kg) + thyomquinone (10 mg/kg)
and control group on mean of cystatin C (ug/l) (duration for 28 days).
#Significant (P < 0.05) vs control, thyomquinone and cyclosporine
A + thyomquinone group. *Significant (P < 0.05) vs cyclosporine A
group.

inner medulla. The cortex showed numerous renal corpus-
cles (Bowman capsule + glomerular capillaries). Tubules
were mainly proximal (PT) with narrow lumina and lined
by pyramidal cells, having acidophilic cytoplasm and basal
rounded nuclei. Distal tubules showed wider lumina, its
cells showed less height compared with those of proximal
tubules. Blood capillaries between tubules were compressed
and non-congested. In group treated with CsA for 28 days
(Figure B1-B2 in Appendix) kidney parenchyma showed
mild to moderate changes in glomerular capillaries that
looked shrunken and lobulated. Distal tubules were more
affected compared with proximal. They appeared dilated
due to degeneration of their lining cells. Their lumina
showed hyaline casts mixed with degenerated desquamated
cells and nuclei. Severely affected animals that died during

© 2018 Royal Pharmaceutical Society, Journal of Pharmacy and Pharmacology, 70 (2018), pp. 1332-1339 1335
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Figure 5 Level of glucose (mg/dl) in control, thyomquinone, cyclos-
porine A and cyclosporine A + thyomquinone group (both group at a
dose 10 mg/kg for 28 days). *Significant (P < 0.05) vs control, thy-
omquinone and cyclosporine A + thyomquinone group. *Significant
(P < 0.05) vs cyclosporine A group.

CsA treatment showed marked atrophy of both glomerular
capillaries and renal tubules. In group treated with
(CsA + TQ) (Figure C1-C2 in Appendix) potential protec-
tion against nephrotoxic histological changes induced by
CsA were observed. There was potential preservation of
renal corpuscle structure (Bowman capsules + glomeruli).
Most distal tubules retained their normal structure, only
few ones showed desquamated cells. Kidneys of animals
receiving TQ alone (Figure D1-D2 in Appendix) looked
histologically more healthy compared with control. Both
renal corpuscle with its glomerular capillaries and renal
tubules showed well-delineated integral structure. Tubular
lining epithelium showed increased acidophilic staining.
Peritubular capillaries also looked normal.

Discussion

Cyclosporine is an essential drug given to transplant
patients, chronic administration of which induces potential
harmful effects in the body. The most pronounced side
effects of chronic CsA administration in patients are
nephrotoxicity and hyperglycaemia.'”’ Thus, rational use of
a protective drug or herbal medicine could help in reducing
these drug induced toxicity. Thymoquinone an active com-
ponent of N. sativa, is well-known for its protective effects
against renal injuries caused by various drugs.'"* Being an
excellent antioxidant, it shows potential ameliorative effect
on hyperglycaemic parameters as well.'>) Thus, the protec-
tive effect of TQ on various markers of hyperglycaemia in
blood and histopathological changes of kidney were
explored in this study.

For rational use of any supplemental herb, the study of its
pharmacokinetic interactions with candidate drug is of fore-
most importance. Hence, in the first phase of this study,
effect of TQ on bioavailability of CsA was investigated by
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administering CsA through oral as well as IP routes. It was
demonstrated that an oral administration of TQ could cause
a considerable decrease (about 32%, P > 0.05) in the
bioavailability of the orally administered CsA. However,
insignificant effect of TQ on bioavailability of CsA adminis-
tered via IP route was observed which might be because the
major site of CsA metabolism is the small intestines.''® On
other hand; TQ has a complex effect on metabolizing
enzymes. Studies have demonstrated that it inhibits certain
Phase I metabolizing enzymes CYP1A2, CYP3A4, but
induces some of phase II pathways :glutathione-S-transfer-
ase (GST) and glutathione peroxidase (GPx)."” In the pre-
sent study, it was obvious that IP administration of CsA,
avoided the first pass metabolism that has been induced by
repeated administration of TQ. Similar pharmacokinetic
interaction between CsA and N. sativa extract has been
demonstrated where it significantly reduced bioavailability
of oral CsA. The authors suggested that N. sativa extract
induced intestinal P-glycoprotein and/or hepatic CYP3A
activity.'®! However, in our study absence of significant
interaction in case of IP CsA clearly indicated that the inter-
action is mainly mediated through inducing effect of TQ on
intestinal first pass metabolism.

It was observed that a concomitant administration of TQ
with CsA caused a significant reversal of high blood glucose
levels. Many other studies have shown TQ to ameliorate
the hyperglycaemic effects induced by some other
drugs.'"*?°) To the best of our knowledge, this is the first
in vivo study which shows the anti-hyperglycaemic effect of
pure TQ on CsA induced hyperglycaemia. The nephrotoxic
effects induced by CsA, marked by serum creatinine level,
were also slightly attenuated by coadministration of TQ.
This finding is in line with previous studies showing an
improvement in increased serum creatinine due to nephro-
toxicity by TQ or N. sativa extracts.?"*?! Cystatin C is
reported as a biomarker for prediction of early acute kidney
injury (AKI)."**! Since a chronic administration of CsA is
known to cause renal damage, our results also showed an
increased level of Cystatin C in groups receiving CsA. In
the present study, concomitant administration of TQ with
CsA significantly attenuated the increase in cystatin C level.
This is the first study of its kind which shows a direct effect
of TQ on serum cystatin C levels thus pronouncing its pro-
tective effect on nephrotoxicity.

In the current study, histological assessments confirmed
the nephrotoxicity after chronic administration of CsA
marked by damage of both glomerular and tubular renal
structures in rat kidney. Coadministration of TQ was found
to prevent the major structural changes induced by CsA in
both glomerular and tubular components. Also, adminis-
tration of TQ alone was observed to show an enhanced
health of kidneys when compared with control. This
nephroprotective effect was attributed to the antioxidant
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properties of TQ that counteract the pro-oxidative features
of CsA underlying nephrotoxicity. Similar results have been
previously obtained upon administration of TQ with van-
comycin — where it reduced structural kidney damage.'?*!
Thus, TQ seemed to have two independent effects, 32%
reduction of CsA oral bioavailability (P > 0.05) and attenu-
ation of CsA induced nephrotoxicity and hyperglycaemia.
However, these findings cannot be directly linked to those
of humans, hence further comprehensive studies are highly
recommended.

Conclusion

In conclusion, TQ proved to be an efficient protective

Thymoquinone attenuates CsA toxicity

hyperglycaemia, not interfering with the bioavailability of
IP administered CsA but only lowering its oral bioavail-
ability. Thus considering the clinical relevance of these
findings in human subjects with proper dosing, TQ
could be developed as a protective drug where chronic
administration of CsA is needed, especially in transplant
patients.

Declaration

Acknowledgement

This work was supported by a grant from Yousf Abdullatif

ischaemia—reperfusion in rats. J
Pharm Pharmacol 2011; 63: 1037—
1042.

CYP3A4 and P glycoprotein in the
small bowel. Adv Drug Deliv Rev
1997; 27: 161-170.

© 2018 Royal Pharmaceutical Society, Journal of Pharmacy and Pharmacology, 70 (2018), pp. 1332-1339

agent against CsA induced nephrotoxicity and Jameel Chair for Prophetic Medical Applications.
References 9. Farag MM et al. Thymoquinone 16. Elbarbry F et al. Modulation of hep-
improves the kidney and liver changes atic drug metabolizing enzymes by

. Barbarino JM et al. Pharm GKB sum- induced by chronic cyclosporine A dietary doses of thymoquinone in
mary: cyclosporine and tacrolimus treatment and acute renal ischaemia/ female New Zealand white rabbits.
pathways. Pharmacogenet ~ Genomics reperfusion in rats. J Pharm Pharma- Phytother Res 2012; 26: 1726-1730.
2013; 23: 563. col 2015; 67: 731-739. 17. Al-Jenoobi F et al. Effects of Nigella

. Colombo MD et al. Drug interaction  10. Mohammad MH. Effect of Pomegra- sativa and Lepidium sativum on cyclos-
and potential side effects of cyclospor- nate Juice on Cyclosporine Pharmacoki- porine pharmacokinetics. Biomed Res
ine. Adv Med Biol 2013; 74: 1-24. netic and Possible Nephroprotective Int 2013; 2013: 953520.

. Tedesco D, Haragsim L. Cyclosporine: Effect on Cyclosporine-Induced Nephro- ~ 18. Omran OM. Effects of thymoquinone
a review. ] Transplant 2012; 2012: toxicity in Rats. Jeddah, Saudi Arabia: on STZ-induced diabetic nephropathy:
230386. King Abdulaziz University, 2016 (dis- an immunohistochemical study. Ultra-

. Malvezzi P, Rostaing I. The safety of sertation). struct Pathol 2014; 38: 26-33.
calcineurin  inhibitors for kidney- 11. Zhang Y et al. PK Solver: an add-in  19. Sangi SMA et al. Antihyperglycemic
transplant patients. Expert Opin Drug program for pharmacokinetic and effect of thymoquinone and oleu-
Saf 2015; 14: 1531-1546. pharmacodynamic data analysis in ropein, on streptozotocin-induced dia-

. Wahlstrom HE et al. Inhibition of Microsoft Excel. Comput Methods Pro- betes mellitus in experimental animals.
insulin release by cyclosporine and grams Biomed 2010; 99: 306-314. Pharmacogn Mag 2015; 11: S251.
production of peripheral insulin resis-  12. Bancroft JD, Gamble M eds. Theory  20. Badari OA et al. Thymoquinone
tance in the dog. Transplantation and Practice of Histological Techniques. ameliorates the nephrotoxicity
1990; 49: 600-604. New York, NY: Elsevier Health induced by cisplatin in rodents and

. Badary OA et al. Thymoquinone is a Sciences, 2008. potentiates its anti tumor activity.
potent superoxide anion scavenger. 13. Ragheb A et al. The protective effect Can ] Pharmacol Physiol 1997; 75:
Drug Chem Toxicol 2003; 26: 87-98. of thymoquinone, an anti-oxidant and 1356-1361.

. Darakhshan S et al. Nigella sativa: a anti-inflammatory agent, against renal ~ 21. Uz E et al. Nigella sativa oil for preven-
plant  with, multiple therapeutic injury: a review. Saudi ]| Kidney Dis tion of chronic cyclosporine nephro-
implications. Int ] Pharmacognosy Transpl 2009; 20: 741-752. toxicity: an experimental model. Am ]
2015; 2: 190-214. 14. Sankaranarayan C, Pari L. Thymo- Nephrol 2008; 28: 517-522.

. Awad SA et al Effect of thymo- quinone ameliorates chemical induced ~ 22. Lau L ef al. Serum cystatin C for
quinone on hepatorenal dysfunction oxidative stress and f-cell damage in acute kidney injury evaluation in chil-
and alteration of CYP3Al and sper- experimental  hyperglycaemic  rats. dren treated with aminoglycosides.
midine/spermine N-1-acetyl-transfer- Chem Biol Interact 2011; 190: 148—154. Pediatr Nephrol 2017; 32: 163-171.
ase gene expression induced by renal  15. Watkins PB. The barrier function of = 23. Basarslan F et al. Protective effects of

thymoquinone on vancomycin-induced
nephrotoxicity in rats. Hum Exp Toxicol
2012; 31: 726-773.

1337



Thymoquinone attenuates CsA toxicity Mohsen G. Alrashedi et al.

Appendix

Figure A1-A2 Control showing: (A1) normal structure of renal corpuscle with intact normal glomerular capillaries (thin black arrows) separated
from the outer layer of Bowman capsule by narrow space (black star). (A2) Renal tubules with its epithelium looked normal (black arrows). Their
lumina are normal and free of any casts or cell debris (black stars) (H&E x1000). [Colour figure can be viewed at wileyonlinelibrary.com]

Figure B1-B2 Cyclosporine A showing (B1) features of nephrotoxic effect as sclerosis, shrinkage and lobulation of glomerular capillaries (thin
black arrows) with an increase of Bowman space (black star), atrophy of distal tubule lining cells and capillary congestion (C). (B2) Some samples
showed marked disorganization (D), atrophy and vacuolation of lining epithelium of both proximal and distal tubules (H&E x1000). [Colour figure
can be viewed at wileyonlinelibrary.com]

a

‘ s
: ) A
| CLCsA+TO [WEm

Figure C1-C2 Test group (cyclosporine A + thyomquinone) showing (C1) potential preservation of renal corpuscle structure, glomeruli capillaries
looked normal slightly congested (black arrows), decrease widening of Bowman space (black stars). (C2) Renal tubules (PT) also looked normal
with intact non-atrophied epithelial lining (H&E stain x1000). [Colour figure can be viewed at wileyonlinelibrary.com]
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Figure D1-D2 Thyomquinone group showing (D1) renal corpuscle showed normal capsular space (stars) with more integrity and healthy appear-
ance of renal glomeruli (black arrows) and tubules (PT). (D2) Both proximal and distal tubules looked normal (H&E x1000). [Colour figure can be
viewed at wileyonlinelibrary.com]
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