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Tacrolimus is a powerful immunosuppressive agent with hepatotoxic and nephrotoxic effects. It has a 
protective role against many toxicants. This study was conducted to evaluate the possible protective 
role of spirulina against tacrolimus induced hepatotoxicity and nephrotoxicity. Forty adult male albino 
rats divided into 4 groups. Group I, control group, Group II, spirulina group (received spirulina 500 
mg/Kg body weight (bw)/day orally), Group III, tacrolimus group (received tacrolimus 12 mg/kg bw/day 
orally); and Group VI, prophylactic group (orally administered spirulina for 3 days before and 28 days 
concurrently with tacrolimus in the same previous doses). Tacrolimus induced adverse effects on both 
liver and kidney functions and structure that was manifested by elevated hepatic transaminases, total 
and direct bilirubin, albumin, blood urea nitrogen, serum creatinine and creatinine clearance. There was 
a significant decrease in serum total antioxidant capacity (TAC) and hepatic and renal total thiol 
molecules (TTM), with a significant increase in serum malondialdehyde in tacrolimus group. 
Histopathologically, tacrolimus induced swelling and granulation of hepatocytes, congestion of blood 
sinusoids and degeneration of bile ductiles, glomerular hypertrophy and segmentation, swelling, 
degeneration and hyalinosis of renal tubules. Spirulina pre- and co-treatment significantly improved 
these deleterious effects. This was accompanied by partial restoration of the expression of PCNA near 
to the normal level observed in control rats. Moreover, spirulina treatment did not alter the trough blood 
tacrolimus levels or tacrolimus-induced immunosuppression. Further studies are warranted to evaluate 
whether transplant patients on tacrolimus treatment may benefit from the protective effects of spirulina. 
 
Key words: Antioxidant, malondialdehyde (MDA), total antioxidant capacity (TAC), tacrolimus, total thiol 
molecules (TTM), proliferating cell nuclear antigen (PCNA), spirulina. 

 
 
INTRODUCTION 
 
Tacrolimus is an immunosuppressant macrolide 
produced by Streptomyces tsukubaenesis. It is used to 
prevent rejection of transplanted organs by inhibiting 

calcineurin enzyme that is crucial for the multiplication of 
T-lymphocytes which are vital to the immune process 
(Tanaka et al., 1987; Fruman et al., 1992). Protocols that  



 

 
 
 
 
do not include calcineurin inhibitors often is associated 
with limited graft survival that makes tacrolimus 
considered as the backbone of most immunosuppressive 
regimens (Jantz et al., 2013). Despite its high clinical 
efficiency, tacrolimus has been well known for its adverse 
reactions. In particular, patients receiving tacrolimus 
chronically are at high risk to develop cholestasis and 
renal damage (Yadav et al., 2013; Banhara et al., 2015). 
Nephrotoxicity was reported in approximately 52% of 
kidney transplantation patients, 40% of liver 
transplantation patients receiving tacrolimus and in 59% 
of heart transplantation patients in US randomized trial 
(Boudjema et al., 2011). Moreover, tacrolimus toxicity 
clearly showed that induced lipid peroxidation can be 
partially reversed with antioxidants in children (Grunot et 
al., 2002). Histopathologic examination revealed that 
tacrolimus induces renal necrosis and apoptosis. It also 
increases reactive oxygen species production and 
decreases antioxidant status (Piao et al., 2014). 
Therefore, a big need arises to alleviate tacrolimus 
induced oxidative stress or to reduce its dose to a safer 
level. Conceivably, reducing tacrolimus dose can impair 
its therapeutic efficacy. 

Spirulina is a great source of natural protein with all 
amino acids, phyto-nutrients, antioxidants, carbohydrate, 
mucopolysaccharides, vitamins and trace minerals. Many 
people use it as an effective natural appetite 
suppressant. It is known to have important beneficial 
effects on cellular metabolism and homeostasis (Abou 
Gabal et al., 2015). Spirulina was reported to have 
antioxidant, antimutagenic and antineoplastic effects 
(Premkumar et al., 2004; Khan et al., 2006; Abdel-Daim 
et al., 2016). The antioxidant and cytoprotective effects of 
spirulina can be attributed to its antioxidant active 
constituents including C-phycocyanins, β-carotene, 
vitamins, and minerals (Upasani and Balaraman, 2003; 
Abdel-Daim et al., 2013; Abdel-Daim, 2014; EL-Sabagh 
et al., 2014). Moreover, it was previously demonstrated 
that spirulina can protect against end organ toxicities 
induced by different chemotherapeutic agents as well as 
lead acetate-induced hepatotoxicity by ablating oxidative 
stress and lipid peroxidation (Khan et al., 2006; 
Hemalatha et al., 2012). Spirulina has also a 
cardioprotective effect against tilmicosin-induced cardiac 
toxicity in mice (Ibrahim and Abdel-Daim, 2015). 
Abdelkhalek et al. (2015) and Abdel-Daim et al. (2016) 
have reported the hepatorenal protective effects of 
spirulina platensis against deltamethrin-induced toxicity 
by minimizing lipid peroxidation and improving antioxidant 
capacity. Spirulina platensis also exerted antioxidant, 
anti-inflammatory and immunomodulatory effects in 
acetic acid-induced experimental ulcerative colitis (Abdel-  
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Daim et al., 2015). As far as immunosuppressive effects 
of tacrolimus are concerned; spirulina, was previously  
proved to have a remarkable immunosuppressive effect 
both in-vivo and in-vitro. Therefore, spirulina gains more 
and more attention from medical scientists as a natural 
treatment for allergic, autoimmune and transplant-related 
diseases (Hayashi et al., 1994; Kim et al., 1998; Remirez 
et al., 2002; Rasool and Sabina, 2009; Kumar et al., 
2010). Accordingly, this study aimed to investigate 
whether, and how, spirulina may alleviate tacrolimus 
induced hepatotoxicity and nephrotoxicity by assessment 
of liver and kidney function tests, oxidative stress 
markers as well as hepatic and renal histopathologic 
examination. Lastly, to verify any role for spirulina 
interaction with tacrolimus, we measured tacrolimus 
trough levels and lymphocytic proliferation assay in the 
presence and absence of spirulina. 
 
 
MATERIALS AND METHODS 

 
Spirulina tablets 500 mg were obtained from DXN Co., Malaysia. 
Tacrolimus 1 mg capsules were from Hikma Pharmaceutical Co., 
Jordan. Alanine amino transferase (ALT) and aspartate amino 
transferase (AST) kits were purchased from Diamond diagnostics 
(Cairo, Egypt). Alkaline phosphatase (ALP), total and direct bilirubin 
kits were from Biodiagnostic (Dokki, Giza, Egypt). Albumin kit was 
obtained from spectrum-diagnostics albumin-BCG kit (Egyptian 
Company for Biotechnology "S.A.E", Obour city Industrial area, 
Cairo, Egypt). Blood urea nitrogen (BUN) and creatinine 
colorimetric kits were purchased from Biomerieux (Lyon, France). 

 
 
Experimental design  

 
The present study was carried on 40 adult male albino rats, 
weighing about 180 to 200 g. Rats were caged under standardized 
environmental conditions. They were housed in a spate well 
ventilated cages, under standard conditions, with free access to 
standard diet and water ad libitum, throughout the whole period of 
the experiment (28 days). The experiment was performed in 
accordance with the guidelines for the Care and Use of Laboratory 
Animals (Institute of Laboratory Animals Resources, 1996). Rats 
were classified into four groups received the following for 4 weeks. 
Group I (control group) included 10 animals which did not received 
any medications. Group II (spirulina group) included 10 animals that 
were treated with spirulina dissolved in distilled water in a dose of 
500 mg/kg body weight orally via orogastric tube (Khan et al., 2006; 
Abdel-Daim et al., 2013). Group III (tacrolimus group) included 10 
animals. The animals received orally tacrolimus (6.7 mg/kg body 
weight) once daily by orogastric tube. Tacrolimus was dissolved in 
distilled water. This dose was equivalent to 1/20 of LD50; 134 
mg/kg (NIIRDN, 1994; Lewis, 2004). Group IV (prophylactic group: 
Tacrolimus + Spirulina) included 10 animals that were treated with 
spirulina and tacrolimus. Spirulina was given in a dose of 500 
mg/kg body weight orally 3 days before and 28 days concomitantly 
with tacrolimus according to Khan et al. (2006)  and  Abdel-Daim  et  
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At the end of the experiment, the animals were weighed, then 
subjected to light ether anesthesia. Blood was collected through 
microcapillary tube from retro-orbital plexus and used for 
biochemical analysis. Rats were then sacrificed by decapitation. 
The obtained specimens from liver and kidney were divided into two 
parts. One part was frozen in liquid nitrogen (-170°C) and kept at -
80°C for the determination of total thiol molecules (TTM). The other 
part was fixed immediately in 10% neutral buffered formalin and 
processed to get paraffin blocks for light microscopy examination. 
Five micrometers were stained with Haematoxlin and Eosin (H&E), 
and proliferating cell nuclear antigen (PCNA) immunostaining. 
 
 
Biochemical study 
 
Liver function tests  
 
The activities of ALT and AST enzymes in serum were determined 
as described by Reitman and Frankel (1957). ALP activity was 
assayed according to the method of Belfield and Goldberg (1971). 
Total bilirubin and direct bilirubin were measured by the method of 
Walter and Gerade (1970). Serum albumin was determined 
colorimetrically according to the modified bromocresol green 
binding assay (BCG) (Tietz, 1990). 
 
 
Kidney function tests  
 
BUN and serum creatinine levels (mg/dl) have been measured 
according to the methods of Kaplan (1965) and Bjurosson (1979), 
respectively. Creatinine clearance (ml/min) as an index of 
glomerular filtration rate was calculated from serum creatinine and 
an 24 h urine sample creatinine levels using the formula: Creatinine 
clearance = (Urine creatinine (mg/dl)/Serum creatinine (mg/dl)) × 
(Urine volume (ml)/Urine collection time (h) × 60). 
 
 
Oxidative stress markers 
 
Serum total antioxidant capacity (mmol/l): The determination of 
the anti-oxidative capacity is performed by the reaction of 
antioxidants in the sample with a defined amount of exogenously 
provide hydrogen peroxide. The antioxidants in the sample 
eliminate a certain amount of the provided hydrogen peroxide. The 
residual hydrogen peroxide is assayed colorimetrically by enzymatic 
reaction which involves the conversion of 3,5,dichloro -2- hydroxyl 
benzensulphonate to a colored product (Koracevic et al., 2001). 
 
Serum malondialdehyde (MDA, µmol/l): MDA was determined by 
measuring thiobarbituric reactive species using the method of Yagi 
(1998) in which the thiobarbituric acid-reactive substances react 
with thiobarbituric acid to produce a red colored complex with peak 
absorbance at 532 nm.  
 
Total thiol molecules (TTM): TTM were measured in hepatic and 
renal tissues according to Sedlak and Lindsay's method (1968). 
Briefly, 0.2 ml Tris-HCl, 0.02 M EDTA buffer and 5,5'- Dithiobis-2-
nitrobenzoic acid (in pure methanol) were added to test tubes 
containing tissue homogenate. The tubes were mixed and 
incubated for 15 min at room temperature, the samples were 
centrifuged at 3000 g for 10 min and ultimately the absorbance of 
the supernatant was measured at 412 nm. The TTM capacity was 
expressed as nmol per mg of protein in samples. Biodiagnostic kit 
(Dokki, Giza, Egypt) was used for the colorimetric determination of 
total protein in tissue homogenate.  
 
Therapeutic drug  monitoring:  Tacrolimus  trough  levels  (ng/ml)  

 
 
 
 
were evaluated in blood at the end of the experiment 8 h after the 
last injection of tacrolimus by double antibody radioimmunoassay 
method (Winkler et al., 1995). 

 
 
The lymphocyte proliferation assay (in vitro): The lymphocyte 
proliferation assay was done in vitro parallel to the experiment to 
investigate the influence of spirulina on the immunosuppressive 
effect of tacrolimus. It was done by isolation of peripheral blood 
lymphocytes by Histopaque density gradient centrifugation 
technique, the mononuclear cell layer was collected and washed 
three times with Hank’s Balanced Salt Solution (300 ×g, 10 min) 
and resuspended in RPMI-1640 (Lonza, Germany). Isolated 
lymphocytes were incubated with tacrolimus at a concentration of 
35 µg/L and combined tacrolimus and spirulina in a concentration of 
35 and 250 μg/L, respectively for 2 h. The lymphocyte proliferation 
was measured by using XTT cell proliferation assay kit (ATCC) cat. 
no. 30-1011K according to the instruction manual and measuring 
the absorbance of the assay by ELISA BrdU (Colorimetric) kit 
(Roche Diagnostics, Penzberg, Germany).  
 
 
Histological study 
 
Specimens from the liver and kidney for light microscopy 
examination were fixed in 10% saline formalin and processed to 
prepare serial sections of 5-µm-thickness paraffin sections for (1) 
Haematoxylin and Eosin (H&E) stain (Wilson and Gamble, 2002), 
(2) immunohistochemically staining for localization of proliferating 
cell nuclear antigen (PCNA) reactivity (Ramos-Vara et al.,2008). 
PCNA was carried out by means of the avidin biotin-peroxidase 
complex method (Dako ARK™, Peroxidase, Code No. M0879, 
Dako, Glostrup, Denmark) following the manufacturer's instructions. 
Paraffin sections (5 μm) were dewaxed, hydrated and microwave-
treated (0.01 M Trisodium citrate). Endogenous peroxidase was 
eliminated by incubation in 10% H2O2 in phosphate-buffered saline 
(PBS), pH=7 and 4. Sections were incubated with the specific 
primary antibody mouse monoclonal anti-PCNA antibody PC 10 
(Dako, Santa Barbara, CA) at 1:20 dilution for 1 h. After 3 PBS 
washes, sections were incubated for 30 min with biotinylated rabbit 
anti-mouse immunoglobulin. After repeated washes with PBS, 
slides were incubated with avidin and biotinylated horseradish 
peroxidase (1:200) for 30 min. Diaminobenzidine tetrahydrochloride 
(DAB) was used as chromogen substrate-chromogen that resulted 
in a brown-colored precipitate at the antigen site. After repeated 
PBS washes, slides were counterstained in diluted hematoxylin and 
rehydrated. Sections of human lymph node with germinal centers 
served as positive control slides. All steps of immunohistochemistry 
were performed at room temperature in a humidity chamber. 
Negative control slides were made using the same previous steps 
except the primary antibody was replaced by buffer. 
 
 
E-Morphometric analysis 
 
Using image analyzer at Faculty of Dentistry, Ain shams University, 
the mean number of PCNA positive cells were measured. It was 
measured in randomly chosen five fields/section in five sections in 
all rats in each group at magnification of 400. 
 
 
F-Statistical analysis  
 
Data were represented as means ± standard deviation (SD). The 
differences were compared for statistical significance by analysis of 
variance (ANOVA) and student's t-test. Difference was considered 
significant at p < 0.05. The statistical analysis was performed using 
Epi-Info version 6.1 (Dean et al., 2000). 
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Table 1. Changes in the liver and kidney function tests in the studied groups.  
 

Variable 

Groups ANOVA 

Control group 
(N= 10) 

Spirulina group        
(N= 10) 

Tacrolimus group 
(N= 10) 

Tacrolimus + Spirulina 
group        (N=10) 

F-value 

ALT (IU/l) 60.33 ± 6 58.19 ± 5.06
NS

 128.28 ± 1.33
#
 74.33 ± 1.76*

$
 646.98 

AST (IU/l) 119.17 ± 1.15 118.50 ± 1.22
NS

 220.88 ± 1.35
#
 130.85 ± 1.35*

$
 15087.69 

ALP (IU/l) 75.70 ± 1.67 74.51 ± 1.89
NS

 175.18 ± 1.40
#
 90.00 ± 0.52*

$
 10759.67 

Total bilirubin  (mg/dl) 0.61 ± 0.03 0.59 ± 0.02
NS

 1.63 ± 0. 05
#
 0.77 ± 0.01*

$
 2495.73 

Direct bilirubin (mg/dl) 0.31 ± 0.02 0.30 ± 0.01
NS

 0.75 ± 0.04
#
 0.35 ± 0.03*

$
 622.56 

Serum albumin (gm/dl) 5.6 ± 0.30 5.5 ± 0.20
NS

 2.0 ± 0.04
#
 5.2 ± 0.10*

$
 840.63 

Blood urea nitrogen (mg/dl) 41.40 ± 3.35 40.52 ± 2.55
NS

 94.20 ± 5.89
#
 58.40 ± 4.09*

$
 364.47 

Serum creatinine (mg/dl) 0.98 ± 0.09 0.99 ± 0.01
NS

 1.80 ± 0.08
#
 1.03 ± 0.03*

$
 414.11 

Creatinine clearance (ml/min) 42.1 ± 0.3 42.0 ± 0.5
NS

 22.4 ± 0.1
#
 37.8 ± 0.32*

$
 2416.23 

 

Data are expressed as mean± standard deviation (SD). 
NS

Non-Significantly different from control group. 
#
Significantly different from the control 

group P< 0.001. *Significantly different from tacrolimus group P < 0.001. 
$
Significantly different from Spirulina group P < 0.001. 

 
 
 
Table 2. Comparison of tacrolimus trough level between rats of tacrolimus group and protected group (spirulina + tacrolimus). 
 

Variable 
Groups t-test 

P-value 
Tacrolimus (N= 10) Tacrolimus + Spirulina (N=10) Student t-test value 

Tacrolimus trough level (ng/ml) 31 ± 4 28 ± 3
NS

 1.9 > 0.05 
 

Data is expressed as mean± SD. 
NS

Non-Significantly different from tacrolimus group. 

 
 
 
RESULTS 
 
Biochemical changes 
 
General observation and body weight gain 
 
During the whole period of the study, rats treated with 
tacrolimus showed decreased food intake as compared 
to other studied groups. There was a significant decrease 
(P<0.05) in body weight gain (BWG%) for tacrolimus 
group as compared to the control group (8.7 g±2.1 
vs.36.5 g±3.5). On the other hand, there was a significant 
increase in BWG% in prophylactic group compared to the 
tacrolimus group (27.1 g±2.5 vs.8.7 g±2.1, respectively). 
 
 
Liver and kidney function tests 
 
There was no statistical significant difference between 
control group and spirulina group regarding liver and 
kidney function tests as shown in Table 1. Rats treated 
by tacrolimus showed a significant increase in serum 
ALT, AST, ALP, total and direct bilirubin, as well as BUN, 
serum creatinine and a significant decrease in albumin 
and creatinine clearance compared to control rats. Pre- 
and co-treatment with Spirulina showed a significant 
improvement in these functional parameters in 

comparison with tacrolimus-treated rats (Table 1). 
 
 
Oxidative stress markers 
 
There was a significant decrease in serum MDA and an 
increase in TAC as well as hepatic and renal TTM in 
spirulina-treated rats as compared with control group as 
shown in Table 2. Rats treated by tacrolimus showed a 
significant increase in serum MDA and a significant 
decrease in serum TAC as well as hepatic and renal TTM 
compared to control rats. Prophylactic group (spirulina + 
tacrolimus) showed a significant decrease in serum MDA 
and an increase in TAC as well as hepatic and renal TTM 
in comparison with tacrolimus-treated rats (Figure 1). 
 
 
Therapeutic drug monitoring   
 
As shown in Table 2, tacrolimus trough level did not differ 
in rats treated by tacrolimus either alone or in 
combination with spirulina. 
 
 
Lymphocyte proliferation assay 
 
There  was   a   non-statistical   significant   difference   in  



 

50          J. Toxicol. Environ. Health Sci. 
 
 
 

 

# 

* 

*$ 

0

5

10

15

20

25

Control group Spirulina group Tacrolimus group Tacrolimus +
Spirulina group

Se
ru

m
 M

D
A

 (
µ

m
o

l/
l)
 

# 

* 

*$ 

0

0.5

1

1.5

2

2.5

Control group Spirulina group Tacrolimus group Tacrolimus +
Spirulina group

Se
ru

m
 T

A
C

 (
m

m
o

l/
l)

 

# 

* 

*$ 

# 

* 

*$ 

0

10

20

30

40

50

60

70

80

90

100

Control group Spirulina group Tacrolimus group Tacrolimus + Spirulina
group

Hepatic TTM (nmol/mg protein)

Renal TTM (nmol/mg protein)

 
 

Figure 1. Changes of the oxidative stress markers in the studied groups. Data are expressed as mean± SD. 
#Significantly different from the control group P < 0.05. *Significantly different from tacrolimus group P < 0.001. 
$Significantly different from Spirulina group P < 0.001. 

 
 
 
Table 3. Statistical comparison of lymphocyte proliferation assay between adult male albino rats of the treated group (tacrolimus) and the 
protected group (spirulina + tacrolimus). 
 

Variable 
Groups t-test 

P-value 
Tacrolimus Tacrolimus + Spirulina Student t-test value 

Lymphocyte proliferation assay  0.31 ± 0.02 0.33 ± 0.06
NS

 1 > 0.05 
 

Data is expressed as mean± SD. 
NS

Non-Significantly different from tacrolimus group. 

 
 
 
lymphocyte proliferation assay between tacrolimus group 
and protected group (spirulina + tacrolimus) (Table 3).  
 
 
Histopathological changes 
 
Histopathological changes in H&E stained sections 
 
Groups I and II (Control and Spirulina groups): Light 
microscope examination of the liver of the control rats 
and spirulina treated rats showed hepatic lobules with 

cords of hepatocytes with central vesicular nuclei 
radiating from the central vein and separated by blood 
sinusoids (Figure 2a). Examination of the renal cortex of 
the control and spirulina treated rats under light 
microscope showed normal renal corpuscles with 
glomeruli, Bowman's capsules lined by simple squamous 
epithelium. Proximal convoluted tubules (PCT) had 
eosinophilic cuboidal epithelium and narrow lumen, 
whereas distal convoluted tubules (DCT) had wide lumen 
(Figure 3a). 

Group   III    (Tacrolimus    group):    Light    microscope  
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Figure 2. A photomicrograph of sections in the liver of adult male rats of different 
studied groups.a: group I (untreated control group); hepatocytes (H) well arranged 
in radiating cords, separated by blood sinusoids (S).b, c, d, e: group II (Tacrolimus 
group); degenerated, swollen hepatocytes (D) with granulated cytoplasm, multiple 
apoptotic figures (curved arrows), severe sinusoidal congestion (C) and 
inflammatory cellular infiltrates (I), and degenerated bile ductules (white arrow). f,g: 
group III (tacrolimus and Spirulina group); normal hepatocytes (H) well arranged in 
radiating cords, separated by blood sinusoids (S), and few apoptotic figures (curved 
arrows), and portal tracts showing bile ductules proliferation (P). H&E stained 
sections X 400 scale bar= 50 µm. 

 
 
 

examination of the liver revealed different changes in the 
hepatic lobule. Some hepatocytes showed swelling, 
degeneration and granulation of cytoplasm. Many 
degenerated bile ductile and sinusiodal congestion were 
also seen. There are also inflammatory cellular infiltrates 
and multiple apoptotic figures (Figure 2b to d). The renal 
cortex revealed different changes. Most of glomeruli are 
distorted. Some glomeruli are hypertrophied with 
enlarged malpighian corpuscles with congestion of 
glomerular capillaries.  Others have widening of the 
capsular space or segmentation of the glomeruli. The 
glomeruli showed vacuolation. Proximal convoluted 
tubules lined with exfoliated degenerated cells and 

presence of hyaline casts, some cells showing pyknotic 
nuclei were also observed. DCT showed valcuolation of 
cytoplasm and hylanosis. There was also inflammatory 
cellular infiltrates (Figure 3b to d). There was also 
inflammatory cellular infiltrates. Peritubular hemorrhage, 
capillary and vascular congestion were also seen (Figure 
2b to d). 
 
Group IV (Tacrolimus + spirulina group): Light 
microscope examination of liver sections of group IV 
revealed that hepatocytes preserved normal appearance 
and normal liver architectural, some cells showed mild 
degeneration with few apoptotic figures (Figure 2f and g).  
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Figure 3. A photomicrograph of sections in the renal cortex of adult male rats of 
different studied groups. a: group I (untreated control group); showing normal glomeruli 
(G), with its capillary tufts surrounded by Bowman’s capsule that are lined by simple 
squamous cells (arrows). Note the proximal convoluted tubules (P) with narrow lumen 
& intense acidophilic cells and distal convoluted tubules (D) with wide lumen & the pale 
acidophilic cells. b, c, d : group II (Tacrolimus group); showing that most of glomeruli 
are distorted . Some glomeruli are hypertrophied (HG) with enlarged malpighian 
corpuscles with congestion of glomerular capillaries.  Others have widening of the 
capsular space (w) or segmentation of the glomeruli (SG).Glomerular cytoplasmic 
vacuolations (v) is seen. Most of renal tubules are distorted (DT). Exfoliated 
degenerated tubular cells (E), hyaline casts in the lumen, dark-stained pyknotic nuclei 
(curved arrow), numerous intracellular vacuoles in the tubular cells of proximal 
convoluted tubules & distal convoluted tubules (asterisk), and hyalinosis of the 
convoluted tubules (H) are observed. A focal areas of dense interstitial mononuclear 
cellular inflammatory cellular infiltrations (I), peritubular hemorrhage (double arrow) and 
peritubular capillary & vascular congestion (c) are seen. e: group III (Tacrolimus and 
Spirulina  group); nearly normal glomeruli (G), mild degeneration in proximal 
convoluted tubules (P) and distal convoluted tubules (D). H&E stained sections X400; 
scale bar=50 µm. 
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Figure 4. PCNA immunohistochemically stained sections in the liver (a-c) and in the renal cortex (d-f) of albino rats of different 
groups. (a & d) Control group; (b &e) tacrolimus group; (c &f) Tacrolimus + Spirulina group. PCNA stained sections in the liver (a-c); 
hepatocytes (H), multiple mitotic figures (curved arrows), positive nuclear immune reaction (arrows). a: showing strong  expression 
of PCNA in most of nuclei &cytoplasm of hepatocytes (H) and mitotic figure was seen. b: showing disturbed hepatic structure, low 
expression of PCNA (arrows) in the irregular nuclei of hepatocytes (H). c: showing moderate  expression of PCNA (arrows) in 
normal hepatocytes nuclei. Note multiple mitotic figures (curved arrows). PCNA stained sections in the renal cortex (d-f); 
Glomerulus (G), proximal & distal convoluted tubules (T), positive nuclear immune reaction for PCNA (arrows). d: showing negative 
immune reaction of PCNA in glomerular and in cells of the proximal & distal convoluted tubules in the control group e: showing 
strong positive nuclear & cytoplasmic reaction in many glomerular cells and tubular cells. f: showing positive nuclear reaction in few 
glomerular cells and few distal convoluted tubules cells. PCNA immunoperoxidase X 400, Scale bar: 50 µm. 

 
 
 
Renal cortex of prophylactic group showed early mild 
hydropic degeneration and a few lesions (Figure 3e). 
 
 
Histopathological changes of PCNA immunostained 
sections 
 
The hepatic sections stained for proliferating cell nuclear 
antigen (PCNA) antibodies showed strong immune 
reaction in hepatocytes in the control and  spirulina 
groups (Figure 4a). Tacrolimus group sections showed 
mild immune reaction in disrupted heapatocytes with 
irregular intended nuclei separated by irregular dilated 
hepatocytes (Figure 4b). Spirulina protected group 
revealed moderate nuclear reaction in most of 
hepatocytes with multiple mitotic figures (Figure 4c). The 
kidney sections stained for PCNA antibodies showed 
negative immune reaction in glomerular, PCT and DCT 
cells in the control and spirulina groups (Figure 4d). 
Tacrolimus group sections showed strong positive 
nuclear reaction in many glomerular cells and some 
tubular cells (Figure 4e). Spirulina protected group 
revealed nuclear reaction in few glomerular cells and 
positive immunoreaction in few PCT and DCT cells 
(Figure 4f). 

Morphometric results  
 
The mean number of PCNA immunostained cells/high 
power field (HPFs) showed a non-significant difference 
between control group and spirulina group in both liver 
and kidney specimens. Regarding the mean number of 
PCNA immunostained hepatocytes/HPFs in tacrolimus 
group compared with the control, there was a highly 
significant decrease, but tacrolimus plus spirulina group 
showed a highly significant increase compared with 
tacrolimus group that was non-significant compared with 
control (Table 4). However, there was a highly significant 
increase in the mean number of PCNA immunostained 
renal tubular cells/HPFs in tacrolimus group compared 
with the control, but tacrolimus + spirulina group showed 
a highly significant decrease compared with tacrolimus 
group and a non-significant increase compared with 
control (Table 4). 
 
 
DISCUSSION 
 
Tacrolimus is an immunosuppressive drug that binds to 
protein and inhibits the phosphatase activity of 
calcineurin in T lymphocytes to reduce the activity of the  
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Table 4. The mean number of PCNA positive cells/high power field (HPFs) in different groups. 
 

Group Control Spirulina Tacrolimus Tacrolimus + Spirulina 

Area percentage of PCNA stained hepatocytes/HPFs 10.09±1.03 10.28±1.00 2.04±0.47
#
 6.10±0.03

*$
 

Area percentage of PCNA stained renal tubular cells/HPFs 1.4±0.13 1.73±0.14 19.28±1.27
#
 4.52±0.66

*$
 

 

Data Values are expressed as mean± SD of n=6 animals. 
#
Significantly different from the control group P < 0.001. *Significantly different from 

tacrolimus group P < 0.001. 
$
Significantly different from Spirulina group P < 0.001. 

 
 
 
patient's immune system and so lower the risk of organ 
rejection (Naesens et al., 2009). It is a potent 
immunosuppressive agent that is used to treat solid 
organ transplant recipients, and it has played a large role 
in the improvement of graft survival rates. However, 
especially in high doses, it can induce renal toxicity and 
cholestatic hepatitis (Taniai et al., 2008). Therefore, the 
objective of the present work was to demonstrate the 
possible protective role of spirulina against the hepatic 
and renal damage induced by tacrolimus. 

In the present study, tacrolimus treatment induced 
variable toxic effects, evidenced with a marked reduction 
in the BWG%; more than 75% decrease compared to 
control; there was also significant impairment in liver and 
kidney function tests. Tacrolimus administration induced 
significant elevations in AST, ALT, ALP, total and direct 
bilirubin which reach 1.5 or more times the upper limit of 
control group. These results were in agreement with 
studies of Taniai et al. (2008) who reported that 
tracolimus produced increase in ALT, AST activities and 
total bilirubin level. Singh and Watt (2012) found also that 
many patients taking tacrolimus had a long term mild 
increase in liver enzymes. Elevated serum level of 
hepatic enzymes indicate liver damage, cellular leakage 
and loss of functional integrity of hepatocytes (Mishra et 
al., 2015). Supporting these notions, we found that 
tacrolimus induced histopathological changes including 
swelling of hepatocytes, granulation of cytoplasm, liver 
congestion, degenerated bile ductules, inflammatory 
cellular infiltrates and inflammatory cellular infiltrates. 
Similar findings were detected by Yadav et al. (2013) who 
found that tacrolimus induced hepatotoxicity in the form 
of cholestatic hepatitis and liver congestion. 

Pre- and concomitant administration of spirulina with 
tacrolimus here significantly reversed tacrolimus induced 
changes in liver function tests. Thus, this reduction in the 
hepatic enzymes activities clearly pointed to the 
membrane stabilizing activity of spirulina. Reduction in 
the levels of AST, ALT, ALP and bilirubin towards the 
control values is an indicator of the protective effects of 
spirulina. The histological examination of the liver 
sections confirmed the aforementioned results where 
spirulina pre- and co-administration along with tacrolimus 
can restore the normal cellular architecture of the liver 
and reverse tacrolimus induced histopathological effects. 
In line with this, previous studies showed that spirulina 
returned the elevated serum  levels  of  hepatic  enzymes 

neart to normal levels in deltamethrin-intoxicated rats and 
other models of toxicity through its potent antioxidant and 
free radical-scavenging activities (Abdel-Daim et al., 
2013; Abdel-Daim, 2014; Abdel-Daim et al., 2016).  

Regarding tacrolimus induced nephrotoxicity in the 
current study, there were also significant elevations in 
BUN, serum creatinine and a significant reduction of 
creatinine clearance in tacrolimus treated group, in 
agreement with Abdel-Daim et al. (2013, 2016). Similar 
results were also reported by Di Benedtto et al. (2009) 
who found a significant increase of serum creatinine 
(>1.8 mg/dl) in patients developing renal dysfunction 
following liver transplantation due to calcineurin inhibitors. 
In concordance, the results obtained from the present 
study showed that microscopical examination of the 
kidney of adult albino rats treated with tacrolimus showed 
vacuolation of glomeruli and distal tubule. Banhara et al. 
(2015) reported that distal tubular dysfunction is prevalent 
among kidney transplant patients using tacrolimus. 
Moreover, Boudjema et al. (2011) suggested that 
tacrolimus induced nephrotoxicity is dose-dependent in 
transplant patients. Nephrotoxicity is a major clinical 
obstacle related to tacrolimus and is usually responsible 
for the discontinuation of treatment (Porayko et al., 1994). 
This is in agreement with Gaston (2006), where 
tacrolimus induced nephrotoxicity as manifested by 
severe interstitial fibrosis, peritubular calcification, and 
focal glomerulosclerosis; these changes may result in 
irreversible chronic renal failure in patients undergoing 
renal transplantation patients. Furthermore, other 
changes were observed in the kidney including swelling 
of proximal tubules, hyalanosis and presences of hyaline 
casts in proximal and distal tubules. These changes were 
similar to the results of Randhawa et al. (1997).  

Although spirulina has demonstrated protection against 
multiple drug and toxin-induced systemic toxicity (Khan et 
al., 2006; Alam et al., 2013; Abdel-Daim et al., 2016; 
Bashandy et al., 2016)

;
 its protective effect on tacrolimus-

induced toxic injury has never been investigated. This 
prompted us to evaluate whether and how, spirulina may 
ameliorate tacrolimus-induced hepato and nephrotoxicity. 
Accordingly, when rats administered spirulina 
concomitantly with tacrolimus, liver and kidney function 
tests returned near to control values, suggesting the 
cytoprotective ability of spirulina in liver and kidney 
cellular integrity, restoring their normal functions. 

Spirulina  was    previously   proven   to   have     potent  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4070460/#CR17
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antioxidant activities (Romay et al., 1998; Lissi et al., 
2000; Chu et al., 2010). These activities were largely 
related to phycocyanin protein of spirulina. This protein 
contains a tetrapyrrole phycocyanobilin, which has been 
reported to have a significant antioxidant and radical 
scavenging properties, offering protection against 
oxidative stress (Bashandy et al., 2016). Similarly, in the 
current study, spirulina treatment had significantly 
improved the antioxidant parameters (serum TAC, 
hepatic and renal TTMs) compared to the control group. 
In confirm, a recent study has indicated that spirulina 
shows free radical scavenging and potent antioxidant 
activity during deltamethrin intoxication (Abdel-Daim et 
al., 2015; Abdelkhalek et al., 2015; Abdel-Daim et al., 
2016). Furthermore, spirulina contains superoxide 
dismutase that exerts indirect action by retarding oxygen 
radical generating reactions rate (Belay, 2002; EL-
Sabagh et al., 2014). 

Supportive data were provided from the present 
histologic and immunohistochemistry studies, where 
spirulina co-administration ameliorated tacrolimus 
induced hepatocellular and renal cellular regeneration 
and proliferation in H&E stained section that were further 
supported by PCNA immunostaining. Spirulina protected 
group showed partial restoration of immunreaction to 
PCNA in most of the hepatocytes and renal cells 
comparable to control rats. Ozaki et al. (2001) studied the 
role of spirulina in reducing nephrotoxicity, cellular 
hyperplasia and PCNA overexpression in peroxisome 
proliferators. Moreover, Makhlouf and Makhlouf (2012), 
tested the hepatoprotective effect of spirulina against 
ionizing radiation induced liver injury; they found spirulina 
could significantly increase hepatocytes DNA content and 
proliferation, the authors explained these effects by 
abundant content of spirulina of beta carotene and 
superoxide dismutase.  

An additional objective in this study was to evaluate the 
possibilities of interaction between tacrolimus and 
spirulina that can reduce therapeutic efficacy of 
tacrolimus. Both the trough level of tacrolimus and 
lymphocyte proliferation assay did not change 
significantly in absence and presence of spirulina.  

Conclusively, it was shown that orally administered 
spirulina may be associated with a decrease in tacrolimus 
induced haepatotoxicty and nephrotoxicity in adult male 
albino rats. Further studies are warranted to evaluate 
whether transplant patients on tacrolimus treatment may 
benefit from the protective effects of spirulina. 
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