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Introduction: Rosmarinus officinalis is a useful medicinal plant with numerous 
ethnopharmacological applications and widespread use in the industry. The main constituent of 
this plant is essential oil. There is a misconception that there is no restriction to using medicinal 
plants. The present study examined the effects of the chronic administration of Rosemarinus 
officinalis essential oil on the liver and kidney.

Methods: Twenty-Eight Wistar rats were divided into 4 groups. Moreover, the study animals 
were Intraperitoneally (IP) injected for 21 days with 0.2%, 1%, and 2% Rosemarinus officinalis 
essential oil and the solvent, respectively. After this period, the study animals’ blood samples 
were collected for renal and hepatical biochemical evaluations. Tissue samples from these 
organs were obtained for histomorphometric and histopathological studies.

Results: The chronic treatment of animals with Rosemarinus officinalis essential oil increased 
blood urea nitrogen and aspartate aminotransferase in the study samples’ blood (P<0.05). The 
diameter of the hepatocytes distal to the central vein significantly increased, compared to the 
proximal ones (P<0.05). Atrophic and degenerative changes in the liver and kidney tissues 
were observed by 1% and 2% administration of Rosemarinus officinalis essential oil.

Conclusion: Our findings indicated that chronic and high administration of Rosemarinus 
officinalis may harm the liver and kidney.
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1. Introduction

n the last decades, the administration of 
herbal medicines is growing fast in nu-
merous countries. Besides, to be abun-
dant and affordable, they are effective in 
curing many diseases [1]. Not only the 
medicinal plants but also their bioactive 

constituents are used as a model for drug synthesis [2]. 
One of these natural components is essential oils; they 
are eco-friendly with various therapeutic characteristics, 
including anti-inflammatory, antioxidant, and anticancer 
activities [3, 4].

Rosemarinus officinalis, an edible evergreen shrub, 
from the Lamiaceae family, has long been used as a 
medicinal plant, for its beneficial effects [2]; most of 
which are proved scientifically [5]. In folk medicine, 
Rosemarinus officinalis is applied for treating the liver, 
kidney, intestine, and respiratory system conditions. It 
can also stimulate hair follicle growth and wound heal-
ing [6]. It has also been used in food industries as a spice 
as well as a food preservative to prevent food poisoning 
[7]. The most abundant component of the leaves of this 
plant is essential oil. Such components mainly consist of 
1.8-cineole, alpha-pinene, and camphor [6, 8, 9]. A mis-
conception indicates that medicinal plants are quite safe 
and without restriction in usage. Accordingly, this plant 
was suggested to decrease the number of primary and 
secondary spermatocytes and spermatids, and reduce 
sperm motility, and density in male rats [10]. 

In females, a high incidence of anomalous rat em-
bryos, reduced the number of uterine blastocysts [11]. 
Furthermore, the relevant embryotoxic effects were re-
ported in rats [12]. Additionally, this plant can inhibit 
the uterotropic action of estradiol and estrone [13]. The 
liver plays a central role in the metabolism, transport, 
and clearance of xenobiotics; therefore, it is highly sus-
ceptible to chemical-induced toxicity. In the West, drug‐
induced liver injury is a major healthcare problem and 
accounts for the majority of acute liver failure cases [14]. 

The kidney is also a common target for toxic xenobiot-
ics. This is due to its capacity to extract and concentrate 
toxic substances by highly specialized cells. It could also 
be attributed to its large blood flow (about 21% of cardi-
ac output) [15]. Considering the widespread use of Rose-
marinus officinalis in the food industry and medicine, 
more detailed data on the toxicity of this plant seems es-
sential. Thus, this study aimed to survey the effects of 
the long-term administration of Rosemarinus officinalis 

essential oil on the liver and kidney blood factors and 
cells in adult rats.

2. Materials and Methods

Adult Wistar rats weighing 180-220 gr were examined 
in this study. The study animals were maintained in the 
animal house of the Faculty of Veterinary Medicine, Sha-
hid Bahonar University of Kerman, Kerman City, Iran. 
The research animals were kept in plastic cages covered 
with wood chips. They had free access to food and water 
under a standard light/dark cycle. The procedure of this 
experiment was based on the Ethical Principles of the 
International Committees to protect laboratory animals 
(approval No. 3358, 20/07/95). 

The pure leaf essential oil of Rosemarinus officinalis 
was obtained from Zardband Pharmaceuticals, Tehran 
City, Iran. According to the pharmaceuticals datasheet, 
the assay test (1,8 cineole) by BP, 2015 (GC) equaled 
48.7. The study animals were randomly divided into 4 
groups of 7. The study rats were Intraperitoneally (IP) 
injected with Rosemarinus officinalis essential oil for 
21 days, between 11:00 AM to 3:00 PM. The concen-
trations of the essential oil used in this experiment for 
groups 1, 2, and, 3 were 0.2%, 1%, and, 2%, respec-
tively. The LD50 value for this essential oil was equal 
to ≥4%. The fourth group was determined as the control 
and only received a solvent, containing 10% alcohol and 
water. During this period, all explored animals were ob-
served daily for mortality.

On the day 21, the study rats were anesthetized and the 
blood samples were obtained from their hearts. The re-
quired blood samples were collected in sterile test tubes 
and allowed to clot for 30 min. The sera were separated 
by centrifuging at 4000 rpm/min for 10 min. The col-
lected samples were stored at -20°C until assay. The 
biochemical indices, such as Aspartate aminotransfer-
ase (AST), Alanine aminotransferase (ALT), Alkaline 
Phosphatase (ALP), total protein, Blood Urea Nitrogen 
(BUN), Creatinine Phosphokinase (CPK), and Creati-
nine (Cr) were analyzed using a commercial kit (Pars 
Azmoon Co., Tehran, Iran). 

After tail collecting blood samples on the 21st day, the 
examined rats were sacrificed by an overdose injection 
of xylazine; subsequently, the samples from the liver 
(right lateral lobe) and the kidney (left kidney) of the 
study rats were obtained. 

The collected samples were washed with Phosphate 
Buffer Saline (PBS) (pH 7) and placed in a 10% buffered 
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neutral formaldehyde solution (pH 7.2). After 10 days, 
the study samples were embedded in paraffin and fixed 
in 10% neutral buffered formalin solution; consequently, 
they were dehydrated in graded ethanol and xylol al-
cohols. Five-Micrometer sections (Slee® microtome; 
Germany) were stained with hematoxylin-eosin and as-
sessed using a light microscope (Olympus, Japan).

For liver histomorphometry, 20 hepatical lobules were 
randomly selected per sample. Moreover, in each lobule, 
the diameter of 20 proximal and 20 distal hepatocytes 
located to the central vein were measured with an Olym-
pus light microscope using a digital lens (Dino-eye, AM-
7023, 5Mp, Taiwan, manufacturer part no. AM7023). 
Eventually, the mean value of hepatocyte diameters per 
sample was calculated. 

For the kidney, the diameter of the bowman’s capsules 
was subtracted from the glomerular capillary; thus, the 
diameter of the urinary space was obtained. In each 
study animal, this procedure was conducted for 20 renal 
corpuscles. 

The obtained biochemical and histomorphometry data 
were analyzed by SPSS. The collected results were ex-
pressed as Mean±SEM. The differences between groups 
were determined by one-way Analysis of Variance 
(ANOVA) followed by Tukey’s Post Hoc test. P<0.05 
was considered statistically significant.

3. Results 

Biochemical analysis: Our results indicated that treating 
animals with 0.2% Rosemarinus officinalis essential oil 
increased BUN after 21 days (P<0.05). Cr presented no 
significant effect. Among the examined liver parameters, 
AST demonstrated increment in treated animals with 0.2% 
and 2 % of Rosemarinus officinalis essential oil (P<0.05). 
Other factors did not significantly change (Table 1).

Histomorphometric and histopathological analysis: 
The obtained data suggested that in animals treated with 
1% and 2% Rosemarinus officinalis essential oil, the di-
ameters of hepatocytes, distal, and proximal to the cen-
tral vein increased, compared to the controls (P<0.05) 
(Table 2). We detected no significant effect in the diam-
eter of urinary space between different groups treated 
with Rosemarinus officinalis essential oil (Table 2). 
The liver pathological findings signified no observable 
change in the liver tissue among the control group and 
0.2% treated animals. The normal structure of hepato-
cytes, such as the obvious nuclei and cytoplasms with 
the radial arrangments around the central vein and nor-

mal sinusoidal space were observed (Figure 1A & B). 
However, in 1% and 2% treated groups, congestion in 
the liver tissue, vacuolation, and the degenerative altera-
tion of hepatocytes were observed (Figure 1C & D). In 
the kidneys of the control and 0.2% treated animals, the 
kidney tissue was healthy (Figure 2A & B). In the groups 
treated with 1% and 2%, glomerular atrophy, degenera-
tion, and vacuolation of tubule cells, congestion around 
tubules, presence of inflammatory cells (neutrophils) 
around the vessels, and increment of urinary space were 
detected.

4. Discussion

According to our pilot study, the LD50 value for Rose-
marinus officinalis essential oil was equal to 4%. Among 
renal characteristics, we measured BUN and creatinine. 
Urea nitrogen and creatinine are the byproducts of ni-
trogen metabolism. These are appropriate indicators of 
renal function. Furthermore, they are used for evaluat-
ing the functional capacity of the nephrons [16, 17]. A 
major function of the urinary system is to excrete BUN 
and creatinine. When this function is lost, plasma con-
centrations of Urea nitrogen and creatinine increase—a 
condition termed azotemia. Azotemia is the single best 
laboratory abnormality that indicates problems in the 
urinary system [18]. Our results indicated that treating 
animals with 0.2% Rosemarinus officinalis essential oil 
increased BUN after 21 days. In rodents, the increases in 
plasma urea nitrogen and creatinine occur when >75% 
of the renal function is lost. Other characteristics that 
cause increased urea nitrogen are a high protein diet and 
senility [18]. As in this study, the explored rats were fed 
with a normal standard diet, including 21% crude pro-
tein (Janveheh Khorasan, Mashhad, Iran,). Moreover, 
we used young but not old rats; thus, it seems that the 
increased urea nitrogen may be due to an abnormality in 
renal function by the essential oil. 

Serum or plasma enzymes commonly used to detect 
liver disease in rodents include AP, GGT, AST, ALT, 
LD, and sorbitol dehydrogenase. The serum or plasma 
concentrations of these enzymes rise with increased pro-
duction, enhanced release, or decreased clearance [18].

Aspartate aminotransferase (AST) is a mitochondrial 
and cytosolic enzyme with high activity in the liver, 
heart, skeletal muscle, and kidney as well as low activ-
ity in the intestines, brain, lung, and testes. Increases in 
plasma or serum AST activity are usually associated 
with hepatic, cardiac muscle, or skeletal muscle injuries 
[18]. The present study findings revealed that long-term 
treatment of animals with Rosemarinus officinalis es-
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sential oil (0.2% & 2%) elevated AST. Our pathological 
findings supported the irritant effect of this plant on the 
liver and kidney. The component that makes this plant 
toxic remains undiscovered. Naturally, we seek our an-
swer in the constituents of this plant. The most abundant 
substance in this essential oil is 1,8-cineole (48.7%). 
The 1,8-cineole, also named cineole or eucalyptol, is a 

monoterpene oxide, found in numerous plant essential 
oils. Conventionally, this plant is used as a food flavor-
ing agent. It also posses antimicrobial, anti-inflammato-
ry, anticancer, and antioxidant activity; thus, it is widely 
implemented for its pharmacological characteristics [19, 
20]. Xu et al. explored the toxicity of 1,8-cineole [21]. 
They also found the adverse effects of long-term adminis-

Table 1. Effect of Rosmarinus Officinalis essential oil on blood renal and liver biochemical parameters after 21 days

Parameters
Mean±SEM

Control (Animal Groups) 0.2% 1% 2%

BUN (mg/dL) 22±1.0 28±1.0* 19±0.0 21±0.0

Cr (mg/dl) 0.42±0.01 0.48±0.01 0.32±0.0 0.45±0.05

AST (IU/L) 192±60 352±57* 93±4 443±33*

ALT (IU/L) 129±38 100±16 73±15 230±56

ALP (IU/L) 317±13 304±58 241±13 285±34

BUN: Blood Urea Nitrogen; Cr: Creatinine; AST: Aspartate Transaminase; ALT: Alanine Transaminase; ALP: Alkaline Phos-
phatase. * Significant: when compared with the control group (P<0.05).
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Figure 1. The histopathological evaluation of the liver 
A, B, C, and D: Show control, 0.2%, 1%, and 2% Rosmarinus officinalis essential oil-treated samples (H & E, A & B ×10, C& D×40).
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 Figure 2. The effects of Rosmarinus officinalis essential oil on the kidney tissue 4 

The white arrows per figure illustrate the glomerular corpuscle. A is related to the control group. 5 
B shows the tissue in a 0.2% percent treated animal. C: The star signifies a vessel surrounded by 6 
the neutrophils ( the black arrow) in a 1% essential oil-treated animal. D: The black arrow 7 
reflects the vacuolation and degeneration of tubule cells. The red arrow indicates the urinary 8 
space increment (H & E, A, B & C ×10, D×40). 9 
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Figure 2. The effects of Rosmarinus officinalis essential oil on the kidney tissue
The white arrows per figure illustrate the glomerular corpuscle. A: Related to the control group; B: Shows the tissue in a 0.2% 
percent treated animal; C: The star signifies a vessel surrounded by the neutrophils (the black arrow) in a 1% essential oil-treat-
ed animal; D: The black arrow reflects the vacuolation and degeneration of tubule cells. The red arrow indicates the urinary 
space increment (H & E, A, B & C ×10, D ×40).

tration of cineol on the liver and kidney at the subcellu-
lar level. They concluded that the granular and vacuolar 
degenerations of these organs are related to their effect on 
mitochondria, endoplasmic reticulum, and other mem-
brane-type organelles of the liver and kidney. Accord-
ingly, maybe the effect detected in this study pertains to 
1,8-cineole. Another similar study examined the chronic 
administration of (30 days) cineole-induced histological 
alterations in the lungs, liver, kidneys, and uterus; they 
caused maternal and fetal toxicity in pre-implantation or 

organogenesis. In the mentioned study, consistent with 
our study, the urea level increased. It highlights that this 
compound can also affect other organs [22]. 

5. Conclusion

The current research data indicated that the long-term 
administration of Rosmarinus officinalis may presnt 
some adverse effects on the liver and kidney. The leaves 
of this plant are commonly used as a spice or flavoring 

Table 2. Effect of Rosmarinus Officinalis essential oil on the diameter of hepatocytes distal and proximal to the central vein, and 
urinary space after 21 days

Diameter (µm)
Mean±SEM

Control (Animal Groups) 0.2% 1% 2%

Distal hepatocytes 8.38±0.07 8.5±0.11 9.44±0.09 9.92±0.15

Proximal 
hepatocytes 7.25±0.08 7.31±0.08 7.66±0.07 7.59±0.1

Urinary space 45.95±0.80 45.98±0.54 44.93±0.55 44.38±0.54

P<0.05 is considered significant; Different letter superscripts in each row indicate the significant effect.
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agent. Moreover, as an evergreen plant, it may be used 
by domestic animals. Thus, its expenditures should be 
more cautiously considered. 
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