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INTRODUCTION  

 

The inclusion of herbal medicine in feeds as an alternative to antibiotics has 

grown rapidly in the aquaculture sector and has become the focus of many scientific 

research (Bilen et al. 2019; Yousefi et al. 2020). Many plants and their bioactive 

components have been recorded as promising ways for controlling diseases that threaten 
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Medicinal plants provide a cheaper and sustainable alternative to 

chemotherapy in aquaculture; however, its misuse could be potentially toxic to 

both aquatic animals and humans. This study aimed to evaluate the potential 

cytogenetic and biochemical effects of thyme and rosemary powder 

supplemented diets on the Nile tilapia juvenile. Fish (26±1.5 g) were distributed 

into 5 groups and fed a non-supplemented diet (control), supplemented diets 

with thyme at a concentration of 1% and 1.5%, and diets supplemented with 

rosemary at a concentration of 0.5% and 1% for 6 weeks. Cytogenetical 

assessment (chromosome aberrations, micronucleated erythrocytes, and DNA 

fragmentation) was performed after 2, 4, and 6 weeks of feeding. In addition, 

hepatic enzymes (aspartate aminotransferase, alkaline phosphatase, and alanine 

aminotransferase), renal indicators (urea and creatinine), and muscle damage 

biomarkers (creatine phosphokinase, [CPK] and lactate dehydrogenase, [LDH]) 

were analyzed after 2 and 6 weeks feeding. The clinically examined fish in the 

group fed with 1% rosemary showed restlessness and lethargy throughout the 

experiment. Postmortem examination of moribund fish revealed body darkness 

with excessive mucus secretion and paled liver with red patches. In addition, 

this group showed a mortality rate reached 18.66%. Dietary supplementation of 

1.5% thyme and 1% rosemary for 6 weeks of feeding exhibited a little bit of 

cytogenetic effect on peripheral blood, head kidney, and liver tissue, as the 

recorded types of aberrations were not severe. Fish receiving 1% rosemary for 6 

weeks showed significant increases in the activity of hepatic enzymes, CPK and 

LDH activities, as well as creatinine levels, compared to the control and other 

treated groups. The results of this study demonstrate that, although thyme and 

rosemary have beneficial effects as medicinal herbs, they may pose cytogenetic 

threats to cells of the Nile tilapia at an early life stage. Thyme at a dose of 1% 

was proven to be safe for the juvenile Nile tilapia. 
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aquatic animals (Zahran et al. 2018; Zargar et al. 2019; Abd El-Gawad et al. 2020), 

promote growth (Bilen et al. 2019; Naiel et al. 2020), improve the immune system 

(García Beltrán et al. 2020; Yousefi et al. 2020  ). In addition, they act as antistress 

supplements (Al-Anazi et al. 2015; Basha et al. 2018; Soror et al. 2021).  

Many aquaculturists erroneously assume that all nutraceuticals are safe and have 

no adverse effects. On the contrary, some researchers have shown that several plants used 

as food or in traditional medicine are potentially cytotoxic, genotoxic, mutagenic, and 

have carcinogenic effects (Horn & Vargas, 2008; Aguilar-Santamaría et al. 2013; 

Oliveira et al. 2016; Askin Celik & Aslanturk, 2018). The incidence of micronucleus 

in peripheral blood erythrocytes, nuclear abnormalities, chromosomal aberrations and 

DNA fragmentation have been used as biomarkers of cytogenotoxic effect of plants 

(Urbina-Cano et al., 2006; Manju et al. 2013; Singh et al. 2014). Therefore, screening 

the genotoxic and antigenotoxic properties of medicinal herbs should be discussed to 

identify the adverse effects and determine the dose at which potential hazards occur in 

order to inform fish cultivators that herbal plants should be used with caution.  

Thyme (Thymus vulgaris) is one of the naturopathic medicines with a great 

benefit on growth, immune system, antioxidant status and resistance against fish 

pathogens (Yassen et al. 2017; Hoseini & Yousefi, 2019; Abd El-Naby et al. 2020; 

Khalil et al. 2020; Tasa et al., 2020). These properties are due to the presence of 

bioactive constituents, such as thymol (40%), carvacrol (15%), cymene, eugenol and 4-

allylphenol (Marchese et al. 2016; Dauqan & Abdullah, 2017).  

Rosemary (Rosmarinus officinalis) leaves recorded positive effects on antioxidant 

and immunological parameters of fish and could relieve the adverse effects of stress 

(Hassan et al. 2018; Naiel et al. 2020; Yousefi et al. 2020). The anti-inflammatory, 

antioxidant, immunostimulatory, and antimicrobial properties of rosemary are attributed 

to the presence of carnosic acid and rosmarinic acid, which are the main chemical 

constituents of the plant (Larràn et al. 2001; Erkan et al. 2008; Charles, 2012). Despite 

the reported benefits, Maistro et al. (2010) reported that Rosmarinus officinalis oil 

induced genotoxicity in mouse lymphocytes cells. Moreover, aqueous extract of 

Rosmarinus officinalis showed cytotoxic and genotoxic effect on human peripheral 

lymphocytes (Askin Celik & Aslanturk, 2018).  

To the best of our knowledge, no previous studies have investigated the 

cytogenotoxic effects of thyme or rosemary dietary supplementation in fish. Thus, the 

present study aimed to assess the probable cytogenetic adverse effects and biochemical 

changes induced by thyme and rosemary dietary supplementations in the Nile tilapia 

juvenile . 
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MATERIALS AND METHODS  

 

Experimental fish  

The Nile tilapia juveniles (O. niloticus) of mean body weight (26±1.5 g) and 

mean length (11±0.6 cm) were sourced from fish hatchery in the Central Lab for 

Aquaculture Research, Abassa, Sharkia, Egypt and transported early to the wet lab at the 

Faculty of Veterinary Medicine, Benha University. Fish were placed in well-prepared 

round fiberglass tanks (500 L capacity) and subjected to two weeks acclimation, with 

daily monitoring to ensure proper fish health conditions and absence of any signs of 

diseases as defined by Austin and Austin (1989). Water temperature was adjusted to 

26±1°C; oxygen concentration was 6±0.4 mg/l, and pH was 7.0±0.2. Fish were hand fed 

to apparent satiation with commercial basal diet (30% crude protein) (Uccma feed, 

Egypt) twice daily at 9:00 and15:00. The left-over food and fecal matter were daily 

siphoned, and the third volume of tank water was exchanged twice per week. This study 

and all experimental protocols involving the care and use of animals were approved by 

the Institutional Animal Care Use Committee Research Ethics Board, Faculty of 

Veterinary Medicine, Benha University, Egypt (BUFVTM 04/09/2020). The 

experimental procedures confirmed the regulation described in the guide for the care and 

use of laboratory animals. 

Herbal plant and feed preparation 

Thyme and rosemary were purchased as dry whole plant and identified by a plant 

taxonomist in Botany department of the Faculty of Agriculture, Benha University, Egypt. 

The concentration of each medicinal plant in this study was chosen based on the results 

of previous study in our lab (Yassen, 2017). The dry plants and commercial pellets 

(Uccma feed, Egypt) were grinded to fine powder using an electrical blender. The 

grinded commercial pellets were blended with adequate amount of distilled water 

containing the required dose of thyme and rosemary powder in order to form a paste. The 

paste was re-pelleted at room temperature (28°C) using a manual meat grinder. The 

pellets obtained were air dried at room temperature for one day, packaged in clean plastic 

container, tightly closed and kept at 4°C. Five experimental diets were prepared as 

follows: non-supplemented diet (control diet), thyme-supplemented diets at doses of 1% 

and 1.5%, and rosemary-supplemented diets at dose of 0.5% and 1%. 

Experimental design  

The acclimatized fish were randomly distributed into fifteen experimental tanks. 

Each treatment group was assigned in triplicate (30 fish/ tank, N = 90 fish/ group). The 

first group was fed non-supplemented diet and maintained as control. The second and 

third groups were fed thyme-supplemented diets at a concentration of 1% and 1.5%, 

respectively. The last two groups received rosemary-supplemented diets at 

concentrations of 0.5% and 1%, respectively. The experimental groups were hand fed 

twice daily till satiation (9:00 and 15:00 h) for six weeks. The water quality parameters 

were maintained as those of the acclimatization conditions. Water exchange was done 

twice a week to maintain water quality parameters.  
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Clinical and postmortem examination  

Throughout the experiment, the behavioral changes and morality in all 

experimental tanks were recorded daily. Postmortem examination of dead fish was 

carried out as described in the study of Austin and Austin (2007).  

Cytogenetical analysis 

Three sampling were performed after 2, 4, and 6 weeks of feeding for 

cytogenetical investigation. At each sampling time, five fish from each replicate were 

taken and placed in a well-prepared glass aquarium (90 × 40 × 30 cm) (N = 15 fish/ 

group) and intraperitoneally injected with baker’s yeast suspension at a dose of 1 ml/100 

g body weight and kept for 24 hours (Lee & Elder, 1980). On the second day, the same 

fish were intramuscularly injected with freshly prepared 0.05% colchicine at a dose of 

0.01 ml/g body weight. Blood, kidney and liver samples were collected for micronucleus, 

chromosomal aberrations and DNA fragmentation assay, respectively. 

 Micronucleus assay (MN)                                                                                 

Blood sample was collected from caudal blood vessels of anesthetized fish (3 

samples/ replicate, N = 9 samples/ group), using syringe moistened with EDTA. A drop 

of blood was mixed with a drop of fetal calf serum, smeared directly on slide then air 

dried, fixed in absolute methanol for 5min, and stained with 5% Giemsa for 7min. Two 

thousand cells were analyzed for the frequency of MN in mature erythrocytes. The 

number of MN was expressed per thousand erythrocytes (De Flora et al. 1993). 

Chromosomal assessment                                                                   

  Chromosomal preparation of kidney tissues was carried out according to the 

method of Al-Sabti (1986) with some modification. Briefly, the anterior kidney was 

excised and cut into fine particles in 5 to 7ml of Roswell Park Memorial Institute (RBMI) 

medium, and 0.2 ml of 0.05 colchicine was added to each tube. The tubes were incubated 

at 37°C for 1 h and cells were centrifuged at 1000 rpm for 10 min and re-suspended in 

pre-warmed hypotonic solution (KCl 0.5 %) for 30min at 37°C. The sample were 

centrifuged and fixed in cold mixture of glacial acetic acid and methyl alcohol (1:3 v/v). 

After two times washing, the sediment was suspended in a small amount of the fixative. 

The slides were prepared by common method and stained with giemsa stain. 

Chromosomal analysis was performed in one hundred metaphase spreads for each fish.                                                                       

DNA fragmentation test 

After blood collection, fish were sacrificed, and liver tissues were collected 

immediately. The tissues were lysed in 0.5ml lysis buffer (10mM tris-HCL [pH 8], 1 mM 

EDTA, and 0.2% triton X-100) and centrifuged at 10000 rpm for 20 minutes at 4°C. The 

pellets were re-suspended in 0.5 ml of lysis buffer. For the pellets and supernatant, 1.5 ml 

of 10% trichloroacetic acid (TCA) was added and incubation was performed at 4°C for 

10 minutes. The samples were centrifuged for 20 minutes at 10000 rpm at 4°C, and the 

pellets obtained were re-suspended in 750µl of 5% TCA, followed by incubation at 

100°C for 20 minutes. Subsequently, to each sample, 2ml of DPA solution (200 mg 

diphenylamine in 10 ml glacial acetic acid, 150 µl of sulfuric acid and 60 µl 

acetaldehyde) was added and incubation was performed at room temperature for 24 hours 
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(Gibb et al. 1997). The proportion of fragmented DNA was calculated from absorbance 

reading at 600nm using the formula: DNA fragmentation% = [optical density (O.D.) 

fragmented DNA/O.D. fragmented DNA + O.D. of intact DNA] × 100. Genomic DNA 

was isolated from the liver tissue of control and treated groups, fractioned on 1.5% 

agarose gel, and stained with ethidium bromide according to the method of Surzycki 

(2000).     

Biochemical analysis 

Blood were sampled after 2 and 6 weeks post feeding to assess some biomarkers 

for liver, kidneys and muscle damage. Fish at each sampling time were fasted for 24h 

prior to sampling and anesthetized with MS-222 (Finquel
®
, Argent) at a dose of 30 mg/L. 

Blood was drawn from the caudal blood vessels of three fish per replicate (N = 9 samples 

per group). The coagulated blood was centrifuged at 1000g for 10min at 4°C. The 

separated serum was pooled (N = 3 samples/ treatment group) and stored at -20°C until 

biochemical assessment.  

Aspartate aminotransferase AST (U/L), and Alanine aminotransferase ALT (U/L) 

activities were determined by colorimetry using commercial kits (Biodiagnostic, Egypt), 

which depends on reduced nicotinamide adenine dinucleotide phosphate (NADPH) 

consumption and its conversion to nicotinamide adenine dinucleotide (NAD) at 340nm 

(Reitman & Frankel, 1957). Alkaline phosphatase ALP (U/L) was determined at 405nm 

according to the method of Kind and King (1945), based on the conversion of 

nitrophenol phosphate into nitrophenol and phosphate.  

Serum urea levels (mg/dl) were quantitatively determined by measuring the 

absorbance at 570nm according to the method of Henry (1964). Creatinine assay kits 

(Abcam, UK) were used for measuring serum creatinine levels (mg/dl) according to the 

study of Thomas (1992). 

CPK and LDH, as muscle damage biomarker were also determined as follows: 

CPK was determined by measuring the concentrations of NADPH produced at 410nm 

according to the procedure of Szasz et al. (1976) using commercial kits (Biodiagnostic, 

Egypt). LDH catalyzes the conversion of L-lactate to pyruvate in the presence of NAD. 

The enzyme activity of LDH is proportional to the rate of production of NADH (reduced 

NAD). The concentration of NADH was determined by the increase in absorbance at 

340nm (Bais & Philcox, 1994). All blood biochemical parameters were determined by 

spectrophotometry (Sigma, USA). 

Statistical analysis                                                                                                         

Statistical analysis was performed with SPSS software V.16 (SPSS, Richmond, 

USA). Data were analyzed by one-way analysis of variance, followed by Duncan´s post 

hoc test for comparison between different treatments. Results were reported as mean ± 

standard error of mean, and differences were considered significant at the level p < 0.05.  
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RESULTS  

 

Clinical signs and postmortem lesions  

The treated fish with rosemary-supplemented diet exhibited hyperactivity (which 

reduced gradually), signs of distress and lethargic movements. Body darkness along with 

mucus secretion was observed, specially in the group fed 1% rosemary-supplemented 

diet. Internally, the moribund fish showed paled liver with red patches and darkness of 

kidneys. The rosemary-supplemented groups recorded a mortality rate of 14.66% and 

18.66% in groups fed 0.5% and 1% rosemary, respectively, throughout the experiment. 

Meanwhile, group supplemented with thyme as well as the control group did not show 

any behavioral changes or mortality during the experiment. 

 Cytogenetic toxicity 

The total chromosomal aberrations were significantly increased in all groups fed 

rosemary-supplemented diets throughout the sampling period when compared to the 

control group.  In addition, oral administration of 1.5% thyme-supplemented diet for 6 

weeks exhibited significant increase in the total chromosomal aberrations.  Meanwhile, 

fish fed thyme-supplemented diets at both concentrations (1% and 1.5%) for 2 and 4 

weeks showed non-significant increase in the total chromosomal aberrations when 

compared to the control (Table 1). The most frequent chromosomal aberrations 

observed were chromatid breaks, followed by deletions, fragment, gaps and aneuploidy. 

In the treated groups, cells with more than one chromosome aberration were not 

observed. Other sever types of aberrations, such as polyploidy, endomitosis, dicentric 

chromosome, ring and centric fusion were not observed.                                                                                                                         

The micronucleus assay of the potential mutagenic effect of thyme and rosemary 

are presented in Table (2). There was no significant increase (p > 0.05) in the number of 

micronucleated erythrocytes with thyme in all treatment groups; however, 1.5% thyme-

supplemented diet for 6 weeks revealed significant increase compared to the control. 

Additionally, the number of micronucleated polychromatic erythrocytes was 

significantly increased in all groups receiving diets incorporated with rosemary 

compared to the control. 

DNA fragmentation in the Nile tilapia fed thyme and rosemary at different 

concentrations for 2, 4 and 6 weeks are illustrated in Table (2). Thyme at a dose of 1% 

showed no significant effect (p > 0.05) on DNA during the experimental feeding. 

Concurrently, fish fed 1.5% thyme-supplemented diet for 2, 4, and 6 weeks recorded 

significant increases in fragmented DNA. Moreover, DNA fragmentation was 

significantly increased (p < 0.05) at all doses of rosemary. 

The effects of different treatments on total genomic DNA damage are presented 

in Fig. (1). There was no observed DNA damage induced by 1% thyme-supplemented 

diet at 2, 4, and 6 weeks of feeding. However, thyme-supplemented diet at a dose of 

1.5% induced a slight DNA damage.  DNA damage was increased in all treatment 

groups fed rosemary either at 0.5% or 1% at all sampling times. 
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Biochemical parameters  

The dietary intake of thyme at concentrations of 1% and 1.5% for 2 and 6 weeks 

recorded a non-significant change in activity of hepatic enzymes (AST, ALP, and ALT), 

compared to the control. Similarly, rosemary dietary supplementation at a dose of 0.5% 

revealed no significant increase in the liver enzymes status at both sampling time with 

respect to the control group. Meanwhile, fish receiving 1% rosemary for 6 weeks showed 

significant increases in the activity of liver enzymes (Table 3).  

Serum urea recorded non-significant increase in all supplemented groups 

throughout the experiment, compared to the control. Nevertheless, creatinine level 

increased significantly (p < 0.05) in fish fed rosemary at a dose of 1% for 6 weeks, while 

other supplemented groups recorded no changes in creatinine level at both sampling 

times (Table 4).  

Groups fed thyme for 6 weeks recorded significant decreases in CPK, compared 

to control. Similarly, rosemary at a dose of 0.5% recorded significant decrease in CPK at 

2 and 6 weeks. Meanwhile, dietary administration of 1% rosemary for 6 weeks showed 

significant increase in CPK, compared to control. Meanwhile, there was no significant 

difference in LDH concentration in groups that received 1% and 1.5% thyme-

supplemented diets at both sampling time. In addition, rosemary-supplemented diet at a 

dose of 0.5% showed no significant variation in serum LDH compared to control. 

However, after 6 weeks of feeding with 1% rosemary, significant variation was detected 

in the LDH concentration, with respect to the control and other treated groups (Table 5). 

 

 

 

 

 

 



 

 

 

Table 1. Frequencies of chromosomal aberrations in O. niloticus fed control diet and supplemented diets with thyme and rosemary at different concentrations for 

2, 4, and 6 weeks 
 

 

 

               Data were expressed as mean ± S.E (N = 9). Mean values with different superscript letters in the same column are significantly different (p < 0.05).     

Total 

chromosomal aberrations 

Aneuploid Fragment Deletion Break Gap Feeding time Group 

4.33±.88
e
 2.67±0.33

a
 0.33±0.33

e
 0.66±0.66

d
 

 

0.33±0.33
d
 0.33±0.33

bc
 Control 

4.67±0.33
e
 

 

3.00±0.57
a
 

 

0.66±0.33
de

 0.66±0.66
d
 

 

0.33±0.33
d
 00

c
 2 weeks  

 

 

Thyme 1% 

5.33±0.33
de

 
 

2.67±0.33
a
 

 

0.33±0.33
e
 1.33±0.66

d
 0.66±0.66

d
 0.33±0.33

bc
 4 weeks 

6.00±0.57
de

 2.33±0.33
a
 

 

1.33±0.67
bcde

 1.67±0.67
cd

 0.33±0.33
d
 0.33±0.33

bc
 6 weeks 

6.33±.1.67
de

 2.33±0.67
a
 

 

1..33±0.33
bcde

 0.66±0.33
 d
 

 

1.33±0.67
cd

 1.00±0.57
abc

 2 weeks  

 

 

Thyme 1.5% 

8.67±0.88
de

 3.67±0.33
a
 

 

1.00±0.57
cde

 1.66±0.33
cd

 1.67±0.67
cd

 
 

0.66±0.66
abc

 4 weeks 

11.00±2.08
bc

 2.66±0.66
a
 

 

2.33±0.33
abc

 1.66±0.88
cd

 3.33 ± 0.33
ab

 1.00±0.57
abc

 6 weeks 

11.33±1.45
bc

 4.00±1.00
a
 

 

1.33±0.33
bcde

 1.67±0.33
 cd

 2.33±0.33
bc

 2.00±0.58
abc

 2 weeks   

 

Rosemary 

0.5% 

12.67±2.02
bc

 4.33±0.88
a
 2.66±0.33

ab
 

 

2.33±0.33
bcd

 
 

3.00±0.58
b
 2.33±1.20

ab
 4 weeks 

15.00±0.57
ab 

 

4.0±0.88
a
 2.33±0.33

abc
 3.33±0.33

abc
 2.67±0.33

bc
 2.67±0.66

a
 6 weeks 

12.67±0.88
bc

 2.66±0.33
a
 

 

1.67±0.67
bcde

 3.67±0.88 
ab

 3.33±0.88
ab

 1.33±0.33
abc

 2 weeks  

Rosemary 1% 

13.33±1.20
abc

 3.33±0.88
a
 

 

2.00±0.57
abcd

 4.00±0.57
ab

 2.66±0.33
bc

 1.33±.00
abc

 4 weeks 

17.33±2.60
a
 3.00±1.00

a
 

 

3.33±0.66
a
 4.67±0.33

a
 

 

4.67±0.66
a
 1.66±0.33

abc
 6 weeks 
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Table 2. Rate of micronucleated erythrocytes (MN) and hepatic DNA fragmentation of O. 

niloticus fed control diet and supplemented diets with thyme and rosemary at different 

concentrations for 2, 4, and 6 weeks   

 Data were expressed as mean ± S.E (N = 9). Mean values with different superscript letters in the same 

column are significantly different (p < 0.05). 

 

                                                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  Agarose gel electrophoresis of the extracted liver DNA showed no DNA damage from 

(L1- L4), slight massive DNA damage (L5-L7), and increased the density of the DNA damage 

(L8-L13). M: Marker (DNA ladder); L1 (Control), L2 (1% Thyme 2 weeks), L3 (1% Thyme 4 

weeks), L4 (1% Thyme 6 weeks), L5 (1.5% Thyme 2 weeks), L6 (1.5% Thyme 4weeks), L7 

(1.5% Thyme 6 weeks), L8 (0.5% Rosemary 2 weeks), L9 (0.5% Rosemary 4 weeks), L10 (0.5% 

Rosemary  6 weeks), L11 (1% Rosemary 2 weeks), L12 (1% Rosemary  4 weeks) and L13 (1% 

Rosemary 6 weeks).     

DNA fragmentation 

 

Micronucleus Feeding time Group   

9.46±0. 28
g
 2.00±0.58

e
                          Control 

9.71±0.58
g
 2.33±0.88

de
 2 weeks  

Thyme 1% 10.0±0.2
g
 2.67±0.88

de
 4 weeks 

10.50±0.63
fg

 2.67±0.33
de

 6 weeks 

11.50±0.59
ef
 3.00±0.58

de
 2 weeks  

Thyme 1.5% 11.80±0.50
def

 4.33±0.33
cde

 4 weeks 

12.45±0.18
cde

 5.00±1.00
cd

 6 weeks 

12.90±0.46
cde

 5.00±1.00
cd

 2 weeks  

Rosemary 0.5% 13.00±0.32
cde

 6.33±0.88
bc

 4 weeks 

13.20±0.47
cd

 8.67±0.67
ab

 6 weeks 

13.80±0.37
bc

 5.67±0.88
c
 2 weeks  

Rosemary 1% 15.0±0.63
b
 10.00±1.15

a
 4 weeks 

18.37±0.58
a
 10.67±0.88

a
 6 weeks 
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Table 3. Hepatic enzymes activities in O. niloticus fed control diet and supplemented diets with 

thyme and rosemary at different concentrations for 2 and 6 weeks. 

Group Feeding time AST (U/L) ALP (U/L) ALT (U/L) 

 

Control 

2 weeks 43.86±2.46
bc

 144.74±2.24
c
 22.38±1.8

b
 

6 weeks 44.97±2.21
bc

 147.74±1.51
bc

 25.45±2.78
b
 

 

Thyme 1% 

2 weeks 36.3±2.51
d
 145.92±1.26

c
 23.26±1.01

b
 

6 weeks 42.1±3.42
cd

 150.18±0.62
bc

 24.52±0.87
b
 

 

Thyme 1.5% 

2 weeks 43.02±2.17
cd

 147.67±1.46
bc

 25.56±1.01
b
 

6 weeks 47.61±2.16
bc

 151.82±1.95
bc

 27.18±0.42
b
 

 

Rosemary 0.5% 

2 weeks 44.57±2.5
bc

   146.0±3.05
c
 24.11±1.34

b
 

6 weeks 50.96±1.52
b
 147.15±3.75

bc
 26.5±1.22

b
 

 

Rosemary 1% 

2 weeks 47.46±1.48
bc

 154.66±1.4
b
 25.18±2.16

b
 

6 weeks 59.28±1.89
a
 204.63±3.37

a
 38.86±1.41

a
 

Data were expressed as mean ± S.E (N = 3). Mean values with different superscript letters in the same 

column are significantly different (p < 0.05).      

 

 

 

Table 4. Renal parameters (urea and creatinine) in O. niloticus fed control diet and supplemented 

diets with thyme and rosemary at different concentrations for 2 and 6 weeks                                                          

Data were expressed as mean ± S.E (N = 3). Mean values with different superscript letters in the same 

column are significantly different (p < 0.05).      

 

 

 

 

 

 

 

 

 

 

 

Group Feeding time Urea (mg/dl) Creatinine (mg/dl) 

 

Control 

2 weeks 14.25±1.67
b
 0.71±0.03

bc
 

6 weeks 14.78±0.78
ab

 0.76±0.02
b
 

 

Thyme 1% 

2 weeks 14.08±1.07
b
 0.55±0.02

c
 

6 weeks 15.71±0.47
ab

 0.63±0.08
cd

 

 

Thyme 1.5% 

2 weeks 13.49±0.3
b
 0.67±0.04

bcd
 

6 weeks 14.62±0.78
ab

 0.66±0.02
bcd

 

 

Rosemary 0.5% 

2 weeks 14.86±0.73
ab

 0.68±0.02
bc

 

6 weeks 14.53±0.82
ab

 0.66±0.05
bcd

 

 

Rosemary 1% 

2 weeks 14.58±0.63
ab

 0.73±0.02
bc

 

6 weeks 17.07±1.01
a
 0.9±0.02

a
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Table 5. Muscle damage biomarkers (creatine phosphokinase (CPK) and lactate dehydrogenase 

(LDH) in O. niloticus fed control diet and supplemented diets with thyme and rosemary 

powder at different concentrations for 2 and 6 weeks                                                          
 

Data were expressed as mean ± S.E (N= 3). Mean values with different superscript letters in the same 

column are significantly different (p < 0.05). 

 

DISCUSSION 

 

The use of cheap medicinal plants as a dietary additive improved the performance 

of fish and exhibited a protective effect against diseases (Abd El-Gawad et al., 2020; 

Soror et al., 2021). However, there is insufficient knowledge regarding the safety dose 

and time duration for application of herbal plants in aquafeeds. Fishes are often used as 

suitable organisms for ecotoxicological studies since they play several roles in the trophic 

web, accumulation of toxic substances, and response to low concentration of mutagens 

(Cavas & Ergene-Gozukara, 2005).  

The present study revealed that the Nile tilapia fed 1% rosemary supplemented 

diet for 6 weeks exhibited behavioral and clinical signs, including lethargy, darkness with 

excessive mucus secretion, paled liver, and darkness of kidneys. The mortality rate was 

18.66 % during the experiments. The recorded behavioral responses are consistent with 

those of several studies on different herbal plant in fish (Ayotunde et al., 2011; Orji et 

al., 2014; Akinsanya et al., 2016).  

The data available on genotoxic effects of medicinal plants in fish is limited. 

Thus, the assessment of cytotoxic and mutagenic potential of herbal plants that are toxic 

to fish is essential to ensure their safety use (Singh et al., 2014). Micronuclei are 

cytoplasmic chromatin-containing bodies framed when acentric chromosome parts or 

chromosomes slack amid anaphase and neglect to end up noticeably joined into girl cell 

cores during cell division. Since genetic damage that culminates in chromosome breaks 

or spindle irregularities prompts micronucleus formation, the rate of MN fills in as a file 

of these sorts of abnormalities (Ali et al., 2008). The MN test detects both clastogenic 

and aneugenic effects (Mersch & Beauvais, 1997). Hence, it has been used as a 

biomarker of cytogenotoxicity (Heddle et al., 1993).  

Groups Feeding time CPK (U/L) LDH (U/L) 

 

Control 

2 weeks 163.0±2.52
c
  115.57±2.46

de
 

6 weeks 171.07±0.52
b
 121.82±0.23

bc
 

 

Thyme 1% 

2 weeks 158.33±1.76
cde

 111.89±1.58
d
 

6 weeks 161.31±2.3
cd

 118.12±1.52
cd

 

 

Thyme 1.5% 

2 weeks 153.67±1.2
ef
 112.67±1.45

de
 

6 weeks 159.0±2.08
cde

 122.75±1.38
bc

 

 

Rosemary 0.5% 

2 weeks 150.97±2.05
f
 110.18±0.68

d
 

6 weeks 155.7±2.36
def

 124.41±1.39
b
 

 

Rosemary 1% 

2 weeks 164.67±1.72
c
 115.3±1.99

de
 

6 weeks 179.17±2.21
a
 137.0±3.61

a
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The results of the present study demonstrate significant increases in the 

micronucleus, total chromosome aberrations, and DNA fragmentation at all sampling 

time in fish fed 0.5% and 1% rosemary. These results may be due to presence of phenolic 

compounds, which may cause cytotoxic and genotoxic damage (Csepregi et al., 2020) 

through inhibiting DNA polymerase that leads to an increase in sister chromatid 

exchange. Rosemary genetic damage has been recorded in the study of Maistro et al. 

(2010) who observed that 1000 and 2000 mg/kg of rosemary oil incites genotoxic and 

mutagenic impacts in mice. R. officinalis extracts increased rates of MN and 

chromosome aberrations on human peripheral lymphocytes cells (Askin Celik & 

Aslanturk, 2018).  

In the same way, Jatropha gossypifolia extract in freshwater fish Channa 

punctatus (Singh et al., 2014) and Curcuma longa extract in Zebra fish Danio rerio 

(Alafiatayo et al., 2019) induced embryotoxicity, teratogenic and genotoxic effects. The 

cytogenotoxic effects of the rosemary in the present study could be responsible for 

further embryotoxic impacts since chromosome breaks and deletions are imperative 

variables of premature birth in humans and animals (Beckman & Brent, 1984).  

In the current study, thyme dietary supplementation at a dose of 1.5% revealed a 

significant increase in DNA fragmentation during the experiment, which might be due to 

the presence of thymol and carvacrol. Mohamed et al. (2009) postulated that the highest 

concentration of thyme showed a significant effect on total chromosomal aberrations and 

pulverization in male albino rats. Chinese hamster lung fibroblast cells, treated with 25 

µM thymol caused some clastogenic DNA damage (Ündeǧer et al., 2009). Azirak and 

Rencuzogullari (2008) reported that intraperitoneally injection of both carvacrol and 

thymol in bone marrow cells of rats significantly induced total chromosome 

abnormalities. Hepatotoxicity and genotoxicity of medicinal plants were reported in the 

works of Kandarkar et al. (1998), Antunes et al. (1999) and Soliman (2001). This 

indicates that the high dose of thyme or rosemary dietary supplementation for a long term 

could be genotoxic and cytotoxic, making it unsafe for consumption for a long period. 

Qureshi et al. (2015) revealed that thyme seed extract caused serious cytotoxicity, DNA 

damage, and oxidative stress on cells.  

Hepatic enzymes (AST, ALT, and ALP) have been assessed in several studies as 

an index reflecting the health status of fish (El-Rahman et al., 2019; Naiel et al. 2020; 

Soror et al., 2021). Furthermore, they have been used to evaluate the potential toxicity of 

supplemented diets (Bhardwaj et al., 2010; Hoseini et al., 2018). AST and ALT 

activities  are  important  in  cellular  nitrogen  metabolism,  amino acids oxidation,  and  

liver  gluconeogenesis (Murray  et al.,  2003). ALP is found in red blood cells at high 

concentration (Gaudet et al., 1975) and acts as a good bio- indicator of hemolysis 

(Mirghaed et al., 2017). High serum level of liver enzymes is indicative of pathological 

changes in various tissues, especially necrosis, degeneration and leakage of 

hepatocellular membranes (El-Moghazy et al., 2014; Soleimany et al., 2016). The 

findings of this study revealed no significant difference in all treatment groups fed thyme 

at both concentrations (1% and 1.5%) and 0.5% rosemary-supplemented diets. Similarly, 



501       Do Thymus vulgaris and Rosmarinus officinalis induce cytogenetic alterations in O. niloticus? 
 

 

studies on the nettle Urtica dioica in juvenile beluga (Binaii et al., 2014), onthe rosemary 

in the Nile tilapia (Naiel et al., 2020) and on ginger in the Nile tilapia (Soror et al., 

2021) showed that serum liver enzymes were not influenced by dietary herbal plants.  

Due to the anti-radical and antioxidant properties of thyme and rosemary, their 

supplementation might prevent lipid peroxidation of cell membranes inhibiting the 

release of liver enzymes into the blood. This indicates the protective role of thyme and 

rosemary, both of which did not induce liver toxicity, especially at low concentrations. 

This explanation was supported in the study of Naiel et al. (2019) who observed that, diet 

supplemented with 0.5% rosemary reduced the harmful effect of aflatoxin B1 toxicity on 

liver function indices in the Nile tilapia. In the present study, dietary supplementation of 

rosemary at dose of 1% significantly increased liver enzymes activities, and this may be 

due to the damage of hepatic cell membranes at high dose, evidenced by DNA damage of 

liver tissue in this treatment. Ozovehe (2013) reported significant increases in ALT, 

AST, and ALP enzymes in African catfish Clarias gariepinus juvenile fed varying levels 

of Moringa oleifera leaf meal diet for 8 weeks. In the same way, Soleimany et al. (2016) 

showed that marshmallow Althaea officinalis extract dietary supplementation in common 

carp Cyprinus carpio at a dose of 10 g for 45 days significantly increased AST and ALP 

activities. 

The present study showed that dietary administration of thyme and rosemary did 

not affect serum urea and creatinine in O. niloticus. This result coincides with that of 

Naiel et al. (2020) who reported no significant difference in urea and creatinine levels of 

O. niloticus fed rosemary leaf powder for 60 days. In addition, Yılmaz et al. (2012) 

observed that thyme-and rosemary-supplemented diets did not affect the serum uric acid 

and creatinine levels in sea bass Dicentrarchus labrax. 

CPK and LDH are considered as biomarkers for screening of heart and skeletal 

diseases in human and fish (Apple et al. 2001; Yousaf & Powell, 2012). LDH is a 

cytoplasmic biomarker enzyme present in the cytoplasm of all cells and released upon 

cellular degeneration such as necrosis (Murray et al., 2003). On the other hand, CPK is 

mainly found in the brain, heart, and skeletal muscles and its concentration is related to 

the irremediable myocardial necrosis in mammals (Ishikawa et al., 1997). In the present 

study, serum CPK and LDH levels in groups fed diets supplemented with thyme at both 

concentrations (1% and 1.5%) and rosemary at a concentration of 0.5% recorded no 

significant increase throughout the experiment compared to the control. Concurrently, the 

long administration of rosemary powder at the dose of 1% for 6 weeks showed 

significant increase in CPK and LDH levels when compared to control and other treated 

groups. Soleimany et al. (2016) recorded that oral administration of high dose of the 

marshmallow extract in common carp significantly increased LDH activity but did not 

alter CPK activity. The increased activity of CPK with high dose of rosemary dietary 

supplementation for a long term feeding (6 weeks) in the juvenile Nile tilapia indicates a 

disorder in muscle fibers. 
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CONCLUSION 

 

It could be concluded that dietary inclusion of thyme or rosemary powder at doses 

of 1.5% and 1%, respectively, for 6 weeks could induce few cytogenotoxic changes. 

However, oral administration of 1% thyme for 6 weeks could be applied safely for the 

juvenile Nile tilapia. Thus, it is advisable that toxicological and genotoxic assays of 

biological active substances of medicinal plants should be performed to ascertain their 

safety in aquaculture application.  
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