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Abstract: Antinociceptive, sedative, anti-inflammatory, and antioxidant effects of lavender oil (LO) 
have been documented. The aim of our study was to evaluate the adjuvant effects of pretreatment 
with LO compared to standard treatment (low molecular weight heparin) in thrombosis. We evalu-
ated the effects of two doses of LO in addition to nadroparin calcium (NC) on experimentally in-
duced thrombosis in rats. The groups were as follows: the control (C) group received intraperitoneal 
(i.p.) saline and vehicle (DMSO), the thrombosis (T) group received saline plus vehicle pretreatment, 
nadroparin calcium (NC) was administrated subcutaneously (s.c.), TNCL1 and TNCL2 received 
pretreatment with LO (TNCL1—100 mg/kg body weight (b.w.) i.p. and TNCL2—200 mg/kg b.w. 
i.p. and NC s.c.). Thrombosis was successfully obtained in all groups, except the C group. Statisti-
cally significant differences between groups (p-values < 0.001) were found for the levels of oxidative 
stress biomarkers (malondialdehyde, nitric oxide, and total oxidative stress) and antioxidant pa-
rameters (total antioxidant capacity and thiols), TNF-α, MCP-1, and RANTES. Dose-dependent ef-
fects are seen on the biomarkers under evaluation, with higher LO doses producing the best out-
comes. When compared to the group receiving standard treatment (NC alone), the LO pretreatment 
led to an increase in antioxidant levels (p-values < 0.001) and a decrease in oxidative stress and pro-
inflammatory levels (p-values < 0.001). Lavender oil associated with NC treatment alleviates the 
inflammatory components of experimental carrageenan-induced thrombosis in rats by decreasing 
oxidative stress and inflammatory cytokines and improving antioxidant activity. 

Keywords: thrombosis; lavender oil (LO); anti-inflammatory agents; oxidative stress;  
nadroparin calcium 
 

1. Introduction 
Thrombosis involves the activation of platelets, secretory function, and the activation 

of both the intrinsic and extrinsic coagulation systems. Thrombosis can develop in arteries 
(e.g., ischemic heart disease and ischemic stroke) or veins (e.g., deep-vein thrombosis and 
pulmonary embolism) [1,2]. Two thromboembolic conditions, ischemic heart disease and 
stroke, accounted for one in four deaths worldwide in 2010 [3]. In the United States, the 
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mortality rate from pulmonary embolism increased slightly from 2008 to 2018 with an 
average annual percentage change of 0.6% (95%CI 0.2 to 0.9) [4]. In Europe and the USA, 
venous thromboembolism affects one to two individuals per (VTE) [5], with a slight in-
crease over time [6]. Venous thromboembolism occurs four times more in high-income 
countries compared to low-income [7], is associated with a risk of recurrence (up to ~40% 
after 10 years [8]), and has a higher fatality rate among people with pulmonary embolism 
(PE, 9.7%) compared to deep-venous thrombosis (DVT, 4.6%) [9]. 

Inflammation plays a role in the initiation and development of thrombosis. Tissue 
factor (TF), also called factor III, is a prothrombotic mediator found in leukocytes that 
activates thrombosis in inflammatory status. By activating TF expression, pro-inflamma-
tory cytokines, and chemokines, including interleukin 1 (IL-1), IL-6, IL-8, tumor necrosis 
factor-alpha (TNF-α), and monocyte chemoattractant protein 1 (MCP-1), it can trigger the 
procoagulant state. Additionally, inflammation promotes the expression of procoagulant 
factors, enhancing the activation of the coagulation system. Inflammation can simultane-
ously inhibit the expression of natural anticoagulants. In addition, chronic inflammation 
can cause endothelial damage by impairing the anti-aggregate, anticoagulant, and vaso-
dilatory properties of the endothelium and reducing the expression of anti-thrombotic 
factors [10]. 

Antiplatelet drugs act to stop or minimize the activation and aggregation of platelets 
and reduce the activation of coagulation. Aspirin, clopidogrel, and ticagrelor are common 
antiplatelet medications. Anticoagulant medications reduce the body’s production of co-
agulation factors, thinning the blood and reducing the risk of stroke and other diseases 
associated with blood clots [11]. Nadroparin calcium (Fraxiparine) is a low molecular 
weight heparin obtained from porcine heparin by depolymerization with nitrous acid 
[12]. Low molecular weight heparin (LMWH) is an anticoagulant compound, manufac-
tured using unfractionated heparin (UFH) by chemical or enzymatic depolymerization, 
with an approximate molecular mass of 5000 Da. Activation of antithrombin is the pri-
mary mechanism by which LMWHs exert their anticoagulant effect. A unique pentasac-
charide sequence facilitates their interaction with antithrombin. This association induces 
a structural alteration in antithrombin, enhancing its ability to block the activated factor X 
[13,14]. Given the intricate nature of inflammation and thrombosis and the interplay be-
tween these processes, the treatment of thrombosis could be enhanced by the administra-
tion of anti-inflammatory agents that do not have side effects or bleeding risks. 

Lavender belongs to the Lamiaceae family and consists of around 50 species. Many of 
these species serve as decorative plants, culinary herbs, and precursors of essential oils. 
Lavender oil (LO) comprises over 100 distinct chemical components (such as monoter-
penes, sesquiterpenes, and diterpenes) with linalyl acetate and linalool being the main 
compounds [15]. Chemical composition of Lavandula angustifolia depends on the geo-
graphical origin of cultivation [16] as well as on the timing of preparation (before or at the 
end of the flowing period) [17]. Lavandula angustifolia oil has antibacterial (e.g., eucalyptol, 
linalool, terpinen-4-ol, and α-terpineol), anti-inflammatory (e.g., 1,8-cineole, borneol, and 
camphor), antioxidant (e.g., phenolic compounds), and analgesic effects [18–21]. The main 
LO active compounds (linalyl acetate and linalool) inhibit the primary pro-inflammatory 
cytokines and their receptors and therefore play an anti-inflammatory and immunoregu-
latory role [18]. Other active compounds are 1,8-cineol, lavandulol, lavandulyl acetate, 
camphor, cis-β-ocimene, trans-β-ocimene, 1-terpinen-4-ol, α-terpineol, limonene, tannins, 
coumarins, flavonoids, phytosterols, and triterpenes [22]. We reported the effect of La-
vandula angustifolia oil on shortening the length of thrombosis and reducing microscopic 
tissue damage in an experimental model of thrombosis, with better results obtained when 
administrated intraperitoneally [23]. Our current study aimed to evaluate the anti-inflam-
matory and antioxidant effects of Lavandula angustifolia oil in addition to nadroparin cal-
cium (Fraxiparine) in carrageenan-induced thrombosis. 
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2. Materials and Methods 
2.1. Study Design 

Fifty 16-week-old male Wistar Bratislava albino rats with tails longer than 13 cm were 
selected for the experiment from the Animal Department of the Faculty of Medicine, “Iuliu 
Haţieganu” University of Medicine and Pharmacy Cluj-Napoca. The animals weighed 
300–400 g and had unrestricted access to standard pellets as food (Cantacuzino Institute, 
Bucharest, Romania) and water ad libitum. After randomization (simple random method) 
of the animals into five groups of ten rats each, they were kept in polypropylene cages 
with a day–night regime at a constant temperature (24 ± 2 °C) and humidity (60 ± 5%) at 
the Department of Pathophysiology. The experiment flow, the groups, and the specific 
interventions are summarized in Figure 1. 

 
Figure 1. Group and treatment flow. The control group (C) was injected with saline solution (SS) 
0.9% 1 mL i.p. (intraperitoneal) and DMSO (dimethyl sulfoxide) as a vehicle; thrombosis (T) was 
induced on the fourth day of the experiment with k-carrageenan 4 mg/kg b.w. (b.w. = body weight), 
1 mL i.v. (intravenous) in T; the nadroparin calcium (NC) group was pretreated with nadroparin 
calcium 86 UI/kg b.w. subcutaneously (s.c.); the TNCL1 group was pretreated with lavender oil i.p. 
(100 mg/kg b.w.) and vehicle, and the TNCL2 group was pretreated with lavender oil i.p. (200 mg/kg 
b.w.) and vehicle. 

Carrageenan, a pro-inflammatory sulfated polysaccharide, was used to induce local 
inflammation. The inflammatory response is accompanied by increased vascular permea-
bility, infiltration of leukocytes, and other inflammatory mediators. In addition, it is 
known to stimulate the release of inflammatory mediators such as histamine, trypsin, and 
cytokines [24,25]. 

The animals were pretreated for three days before induction of thrombosis. We ad-
ministered 86 UI/kg b.w. of nadroparin calcium subcutaneously 55 min prior to the in-
ducement of thrombosis in the nadroparin calcium group and the lavender oil pretreat-
ment groups. We used kappa-carrageenan (κ-carrageenan) [26] for the experimental tail 
thrombosis model on Wistar Bratislava rats. On the fourth day of the experiment, we ad-
ministrated 4 mg/kg b.w. of κ-carrageenan in saline solution into the dorsal vein of the rat 
tail, followed by ligation of the tail base for 10 min. 

Diethylether was used as an anesthetic during thrombosis induction. We used dime-
thylsulfoxide (DMSO) 5% as a vehicle for Lavandula angustiofolia oil. The substances used 
for biochemical determinations, ELISA kits, lavender oil, kappa-carrageenan, and DMSO, 
were purchased from Sigma-Aldrich (St. Louis, MO, USA). 

The Ethics Committee of Iuliu Hațieganu University of Medicine and Pharmacy Cluj-
Napoca (AVZ82/29.03.2022) approved this study. Our study also have the approval of the 
National Sanitary Veterinary and Food Safety Authority, Cluj Branch (135/24.05.2022), re-
specting the national and international requirements. In our experiment, all procedures 
followed the guidelines of the Institutional Research Committee and the Helsinki Decla-
ration on Animal Studies. The use of animals complied with all applicable international 
and institutional regulations. We ensured that the animals were handled minimally and 
experienced minimal suffering. 
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2.2. Measurements 
We collected blood samples from each rat in heparinized tubes from the retro-orbital 

plexuses 24 h after thrombosis induction. During the procedure, we kept the rats under 
mild anesthesia with xylazine (2 mg/kg b.w., i.p.) and ketamine (20 mg/kg b.w., i.p.). We 
centrifuged the blood samples at 4 °C for 20 min at 1620× g to obtain plasma samples. The 
plasma was placed in Eppendorf tubes and frozen at −80 °C for subsequent examination. 
At the end of the experiment, the animals were euthanized by an overdose of anesthetics. 

Creatinine and urea values were measured to assess the renal function of the rats. 
Liver function was monitored by the analysis of transaminases, alanine aminotransferase 
(ALT), and aspartate aminotransferase (AST). Total oxidative stress (TOS), nitric oxide 
(NOx), and malondialdehyde (MDA) levels were analyzed to evaluate oxidative stress ac-
tivities. Total antioxidant capacity (TAC) and thiol levels were used to determine the 
blood’s antioxidant capability. The TECAN SUNRISE spectrophotometer was used for all 
spectroscopic evaluations. The enzyme-linked immunosorbent assay (ELISA) approach 
was employed to quantify the plasma concentrations of the inflammatory cytokines, in-
cluding TNF-α, RANTES, and MCP-1. 

The same unblinded researcher conducted measurements of the bleeding time and 
clotting time using a chronometer. The same unblinded researcher measured the length 
of the macroscopic thrombosis at the distal end of the tails with a ruler 24 h after admin-
istration of κ-carrageenan. 

The same researcher who collected all the samples and applied a specific protocol for 
each procedure, performed the histologic evaluation. Skin fragments were excised from 
the rat tail, specifically a 3 cm segment located 5 cm from the apex of the tail. The frag-
ments underwent fixation in a 10% formalin solution for four days. Next, the specimens 
were embedded in paraffin and subsequently sectioned into slices with a thickness of 5 
µm. The sections underwent staining using Goldner’s trichrome procedure and were 
thereafter inspected with an optical microscope. 

2.3. Statistical Methods 
The plasma levels of the evaluated biomarkers were presented as median values [Q1 

to Q3] (where Q1 represents the 25th percentile and Q3 represents the 75th percentile) and 
min to max (with min indicating the lowest value and max indicating the highest value), 
to effectively capture the variability of the raw data, considering the limited number of 
rats in each group. The Kruskal–Wallis test was applied to assess the overall significance 
of the differences between groups, followed by post-hoc multiple comparisons of mean 
ranks of all groups whenever statistical significance was reached. The Weissgerber et al. 
[27] method was used to graphically display the distribution of the evaluated biomarkers. 
Microsoft Excel (Microsoft Office Excel 365, Redmond, WA, USA) was used to summarize 
the raw data. The Statistica program (v. 13.5, TIBCO Software Inc, Palo Alto, CA, USA) 
was used to perform exploratory inferential analysis. All tests were performed as two-
tailed tests, and a p-value less than 0.05 was considered statistically significant. 

3. Results 
Throughout the experiment, no incidents were encountered. As a result, the statisti-

cal analysis was conducted on ten rats per group. 

3.1. Levels of Oxidative Stress Parameters 
The oxidative stress markers assessed reflected differences between the groups, with 

statistically significant improvements in the LO pretreated groups compared to the throm-
bosis group (Table 1 and Figure 2). The TNCL2 group showed significantly lower values 
for all oxidative stress parameters than the NC group. 

Table 1. Levels of oxidative stress markers in plasma by groups. 
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Group MDA, nmol/L NOx, µmol/L TOS, µmol H2O2 equiv./L 

C 
4 [3.77 to 4.34] 27.18 [24.23 to 29.32] 12.23 [11.13 to 12.72] 
{3.42 to 4.73} {21.17 to 30.91} {10.39 to 13.68} 

T 
4.81 [4.56 to 5.3] 33.18 [30.8 to 35.28] 14.66 [13.88 to 16.09] 

{4.18 to 5.88} {28.54 to 38.12} {12.73 to 17.23} 

NC 
3.95 [3.80 to 4.08] 27.63 [26.05 to 30.00] 9.64 [9.23 to 10.23] 

{3.44 to 4.38} {24.52 to 35.61} {8.5 to 10.98} 

TNCL1 
1.94 [1.91 to 2.18] 26.41 [24.67 to 27.73] 7.87 [7.51 to 8.18] 

{1.86 to 2.38} {23.91 to 29.50} {6.56 to 8.35} 

TNCL2 
0.64 [0.61 to 0.76] 21.64 [20.80 to 22.42] 5.43 [5.03 to 5.64] 

{0.52 to 0.82} {19.11 to 23.84} {4.80 to 5.97} 
* stat. (p-value) 43.4 (<0.0001) 32.8 (<0.0001) 46.3 (<0.0001) 

Data are summarized as median [Q1 to Q3] and min to max, where Q1 and Q3 are the first and third 
quartiles, min is the minimum, and max is the maximum value. * Kruskal–Wallis test; C = control 
group; T = thrombosis group; NC = subcutaneous nadroparin calcium group; TNCL1 = lavender oil 
100 mg/kg b.w. and nadroparin calcium; TNCL2 = lavender oil 200 mg/kg b.w. and nadroparin cal-
cium; MDA = malondialdehyde; NOx = nitric oxide; TOS = total oxidative stress. 

  

 

  

Figure 2. Plasma levels of oxidative stress markers by groups. (C = control group; T = thrombosis 
group; NC = subcutaneous nadroparin calcium group; TNCL1 = lavender oil 100 mg/kg b.w. and 
nadroparin calcium; TNCL2 = lavender oil 200 mg/kg b.w. and nadroparin calcium. 

The results showed no statistically significant differences between the T and NC 
groups in plasma levels of total plasma antioxidant capacity (TAC) and thiol. Groups pre-
treated with LO showed no differences compared to the control group (Table 2 and Figure 3). 

Table 2. Levels of antioxidant capacity and thiol in plasma by groups. 
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Group TAC, mmol Trolox/L THIOL, µmol/L 

C 
1.093 [1.091 to 1.098] 297.5 [289.25 to 304.25] 

{1.08 to 1.11} {269 to 334} 

T 
0.98 [0.9 to 0.99] 243 [214 to 254.5] 

{0.82 to 1.06} {204 to 261} 

NC 
1.07 [1.06 to 1.07] 249 [236 to 276.5] 

{1.05 to 1.08} {215 to 309} 

TNCL1 
1.086 [1.086 to 1.088] 271 [254.5 to 282.5] 

{1.085 to 1.088} {221 to 305} 

TNCL2 
1.089 [1.086 to 1.094] 318 [291.3 to 342.8] 

{1.09 to 1.10} {282 to 367} 
* stat. (p-value) 40.4 (<0.0001) 29.9 (<0.0001) 

* Kruskal–Wallis test. C = control group; T = thrombosis group; NC = subcutaneous nadroparin cal-
cium group; TNCL1 = lavender oil 100 mg and nadroparin calcium group; TNCL2 = lavender oil 
200 mg and nadroparin calcium group. TAC = total antioxidant capacity. 

  
Figure 3. Plasma levels of antioxidant capacity and thiol by groups. (C = control group; T =throm-
bosis group; NC = subcutaneous nadroparin calcium group; TNCL1 = lavender oil 100 mg and 
nadroparin calcium group; TNCL2 = lavender oil 200 mg and nadroparin calcium group. 

3.2. Plasma Levels of Inflammatory Cytokines 
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Table 3. Levels of inflammatory cytokines in plasma by groups. 

Group TNF-α, pg/mL RANTES, pg/mL MCP-1, ng/mL 

C 
40.28 [38.08 to 41.21] 922.68 [835.29 to 985.39] 1.08 [0.91 to 1.23] 

{34.38 to 44.92} {730.45 to 1077.15} {0.8 to 1.35} 

T 
63.85 [58.42 to 69.75] 1022.75 [949.84 to 1104.55] 1.95 [1.54 to 1.99] 

{54.56 to 77.05} {820.15 to 1263.8} {1.3 to 2.25} 

NC 
57.82 [55.06 to 60.06] 914.5 [843.34 to 1012.98] 1.7 [1.58 to 1.85] 

{52.81 to 66.63} {694.9 to 1066.55} {1.4 to 2} 

TNCL1 
50.52 [48.85 to 53.72] 739.2 [703.98 to 853.64] 1.43 [1.31 to 1.55] 

{45.06 to 57.93} {670.5 to 985.4} {1.2 to 1.65} 

TNCL2 
42.13 [36.57 to 43.96] 596.85 [518.06 to 637.93] 1.08 [0.91 to 1.20] 

{31.86 to 46.92} {496.45 to 685.5} {0.75 to 1.35} 
* stat. (p-value) 41.0 (<0.0001) 32.4 (<0.0001) 35.6 (<0.0001) 

Data are summarized as the median [Q1 to Q3] and min to max, where Q1 is the 25th percentile, Q3 
is the 75th percentile, min is the minimum, and max is the maximum value. * Kruskal–Wallis test. C 
= control group; T = thrombosis group; NC = subcutaneous nadroparin calcium group; TNCL1 = 
lavender oil 100 mg/kg b.w. and nadroparin calcium; TNCL2 = lavender oil 200 mg/kg b.w. and 
nadroparin calcium; TNF-α = tumor necrosis factor α; RANTES = regulated on activation, normal T 
cell expressed and secreted; MCP-1 = monocyte chemoattractant protein 1. 

  

 

 

Figure 4. Plasma levels of measured inflammatory cytokines by groups. (C = control group; T = 
thrombosis group; NC = subcutaneous nadroparin calcium group; TNCL1 = lavender oil 100 mg/kg 
b.w. and nadroparin calcium; TNCL2 = lavender oil 200 mg/kg b.w. and nadroparin calcium. 
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3.3. Variation of Bleeding and Clotting Time and Thrombus Length 
The administration of nadroparin calcium effectively inhibits the formation of 

thrombi, as evidenced by the absence of macroscopic thrombosis. Compared to the T 
group, the NC, TNCL1, and TNCL2 groups showed significantly increased bleeding and 
clotting time. No statistically significant differences were observed across nadroparin cal-
cium and lavender oil-treated groups regarding these measurements (Table 4 and Figure 5). 

Table 4. Variation in thrombus length, bleeding, and clotting time by groups. 

Group Length, cm Bleeding Time, s Clotting Time, s 

C 0 
168.5 [165.5 to 175.75] 137 [133 to 140.5] 

{160 to 178} {130 to 142} 

T 
9.25 [8.95 to 9.58] 74.5 [71.5 to 76.75] 50.5 [47.25 to 52.75] 

{8.3 to 9.9} {69 to 81} {45 to 58} 

NC 0 
229.5 [228.25 to 231.75] 178.5 [173 to 181.75] 

{222 to 241} {168 to 185} 

TNCL1 0 
276.5 [274 to 281.25] 224.5 [221.25 to 229.75] 

{270 to 288} {217 to 233} 

TNCL2 0 
281 [276.25 to 285.25] 229 [226.25 to 233.75] 

{274 to 288} {221 to 241} 
* stat. (p-value) n.a. 45.0 (<0.0001) 45.2 (<0.0001) 

Data are summarized as the median [Q1 to Q3] and min to max, where Q1 is the 25th percentile, Q3 
is the 75th percentile, min is the minimum, and max is the maximum value. * Kruskal–Wallis test. C 
= control group; T = thrombosis group; NC = subcutaneous nadroparin calcium group; TNCL1 = 
lavender oil 100 mg/kg b.w. and nadroparin calcium; TNCL2 = lavender oil 200 mg/kg b.w. and 
nadroparin calcium. 

  
Figure 5. Bleeding and clotting time by group. (C = control group; T = thrombosis group; NC = 
subcutaneous nadroparin calcium group; TNCL1 = lavender oil 100 mg/kg b.w. and nadroparin 
calcium; TNCL2 = lavender oil 200 mg/kg b.w. and nadroparin calcium groups. 
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AST. However, when comparing the control group (C) with the thrombosis group (T), a 
statistically significant difference was observed for creatinine levels only (Table 5). Prior 
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Table 5. Levels of creatinine, urea, ALT, and AST in plasma by groups. 

Group Creatinine, mg/dL Urea, mg/dL ALT, UI AST, UI 

C 
0.86 [0.79 to 0.92] 49.15 [46.42 to 50.99] 45.47 [42.61 to 48.24] 41.93 [38.19 to 43.79] 

{0.73 to 1.01} {43.05 to 54.35} {37.88 to 49.99} {31.75 to 47.24} 

T 
0.98 [0.96 to 1.01] a1 54.39 [50.37 to 57.1] 58.02 [54.69 to 61.45] 50.64 [45.7 to 53.53] 

{0.9 to 1.22} {46.31 to 61.03} {53.01 to 67.52} {43.48 to 56.88} 

NC 
0.90 [0.88 to 0.96] 46.63 [45.67 to 49.69] 42.7 [39.68 to 45.45] 44.96 [42.85 to 49.95] 

{0.75 to 0.98} {44.38 to 52.1} {38.21 to 52.52} {39.93 to 52.11} 

TNCL1 
0.90 [0.82 to 0.92] 45.99 [45.19 to 46.79] b1 35.84 [32.95 to 38.97] c1 35.95 [33.4 to 38.51] d1,d2 

{0.79 to 0.99} {42.45 to 48.24} {29.48 to 42.7} {31.38 to 40.92} 

TNCL2 
0.79 [0.76 to 0.85] a2 40.85 [38.06 to 41.93] b2,b3,b4 31.03 [29.7 to 33.72] c2,c3,c4 29.02 [26.08 to 30.4] d3,d4,d5 

{0.71 to 0.87} {35.03 to 44.38} {26.43 to 35.95} {24.4 to 32.4} 
* stat. (p-

value) 
22.1 (0.0001) 32.7 (<0.0001) 40.5 (<0.0001) 39.5 (<0.0001) 

Data are summarized as the median [Q1 to Q3] and min to max, where Q1 is the 25th percentile, Q3 
is the 75th percentile, min is the minimum, and max is the maximum value. * Kruskal–Wallis test. C 
= control group; T = thrombosis group; NC = subcutaneous nadroparin calcium group; TNCL1 = 
lavender oil 100 mg/kg b.w. and nadroparin calcium; TNCL2 = lavender oil 200 mg/kg b.w. and 
nadroparin calcium; ALT = alanine aminotransferase; AST = aspartate aminotransferase. Post-hoc 
analysis: a1 0.029 C vs. T; a2 <0.0001 T vs. TNCL2; b1 0.0232 T vs. TNCL1; b2 0.0008 C vs. TNCL2; b3 
<0.0001 T vs. TNCL2; b4 0.0124 NC vs. TNCL2; c1 <0.0001 T vs. TNCL1; c2 0.0029 C vs. TNCL2; c3 
<0.0001 T vs. TNCL2; c4 0.01751 NC vs. TNCL2; d1 0.0010 T vs. TNCL1; d2 0.0454 NC vs. TNCL1; d3 
0.0175 C vs. TNCL2; d4 <0.0001 T vs. TNCL2; d5 <0.0001 NC vs. TNCL2. 

3.5. Histological Assay 
The control group (C, Figure 6A) had no microscopic alterations in the epidermis, 

dermis, and hypodermis. In the T group, various pathological abnormalities were ob-
served within the three skin layers, as shown in Figure 6B. Thrombi formed in the hypo-
dermis led to complete or partial obliteration of the lumen in several veins and venules. 
The observation of severe diastasis resulted from the obliteration of blood circulation in 
the venous system within the lax connective tissue of the hypodermis, leading to signifi-
cant capillary stasis. Multiple lakes of transfused plasma in different phases of coagulation 
were observable alongside a substantial quantity of red blood cells. Transfused red blood 
cells were also shown to infiltrate the adipose tissue within the hypodermis. 

In the layers of the dermis, veins can be seen where phenomena such as intravascular 
coagulation and lysis of red blood cells are observed. The interstitial spaces inside dense 
connective tissue have greater dimensions due to heightened tissue fluid levels. Excessive 
dilatation of tiny blood vessels and the presence of many red blood cells can be noticed in 
the superficial dermis. Significant quantities of fluid, together with a multitude of red 
blood cells, collect beneath the basement membrane of the epidermis, resulting in its de-
tachment from the superficial dermis in certain areas. 

Within the epidermis, a multitude of haematocytes may be found among the 
keratinocytes, particularly in the outermost layer. This presence of haematocytes contrib-
utes to the separation of the keratin layers. The presence of edema and subepidermal hem-
orrhages results in an appearance of nuclear characteristics commonly observed in 
keratinocytes located in the stratum spinosum and a portion of those in the basal layer of 
the epidermis, indicative of cells undergoing the first stages of apoptosis. 
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Figure 6. Histopathological examination of the tails. (A)—control (C) group; (B)—thrombosis (T) 
group; (C)—nadroparin calcium (NC) group; (D)—lavender oil 100 mg (TNCL1) group; (E)—lav-
ender oil 200 mg (TNCL2) group. Goldner’s trichrome stain; red brace—hypodermis; blue brace—
dermis; black brace—epidermis; black arrow—thrombosis; blue arrow—hemorrhage; orange ar-
row—edema; green arrow—congestion. 

In the NC group, discrete edema may be observed in the hypodermis (Figure 6(C)) 
and superficial dermis. There are no changes in the deep layers (basal and spinous) of the 
epidermis, but numerous red blood cells are observed in the keratinized cells layer. 

In the TNCL1 group, numerous diffuse hemorrhages and no veins were observed in 
the deep hypodermis (Figure 6(D)), whose lumen was obliterated by thrombi. Moreover, 
a pronounced edema in the superficial hypodermis and at the level of the adipose panicles 
is observed. At the level of the dermis from place to place towards the junction with the 
epidermis, a discrete edema is present. Cells with pyknotic nuclei can be observed at the 
epidermis level, mainly in the basal layer and in the first rows of cells of the spinous layer. 
On the other hand, in the superficial layer between the rows of keratinized cells, there are 
numerous red blood cells. 

In the TNCL2 group, in the hypodermis (Figure 6(E)), microhemorrhages and edema 
are present from place to place, which is pronounced in some areas. In the deep dermis, 
no structural changes are observed. In the superficial layer, the edema is discreet in certain 
areas, and from place to place, it is pronounced. In the epidermis, especially in the areas 
where the edema is pronounced in the dermis, numerous cells with pyknotic nuclei can 
be observed in the basal and spinous layers. Numerous red blood cells are seen in the 
keratinized layer. 



Appl. Sci. 2024, 14, 1852 11 of 15 
 

 

4. Discussion 
Our results indicate that the administration of lavender oil as an adjuvant before 

nadroparin calcium therapy (Fraxiparine) has dose-dependent anti-inflammatory and an-
tioxidant effects in carrageenan-induced thrombosis. 

The role of oxidative stress has been emphasized in the onset and advancement of 
inflammation and coagulation intricated processes [28]. Oxidative stress is a pathological 
state that occurs due to an imbalance between the synthesis of free radicals and the capac-
ity of antioxidant systems to counteract their effects. The induction of oxidative stress can 
potentially trigger the formation of thrombi. The onset of endothelial dysfunction caused 
by oxidative stress may contribute to thrombus formation by decreasing the synthesis of 
anti-thrombotic molecules and increasing the production of prothrombotic molecules. 
This phenomenon promotes the recruitment and adhesion of leukocytes and platelets to 
the endothelial surface, as well as the activation and aggregation of these circulating cells. 
Oxidative stress can alter the functionality of fibrinogen, leading to defective fibrin 
polymerization and the subsequent development of altered fibrin networks associated 
with a prothrombotic phenotype [29]. Clinical data support the link between inflamma-
tion and thrombosis and show that inflammatory conditions increase the likelihood of 
thrombotic events [30]. In contrast, the release of thrombotic elements, including fibrino-
gen, factor V, and thrombin, can trigger inflammatory cascades, producing an accelerated 
inflammatory response. Kuijpers et al. [31] highlighted the involvement of tissue factor 
(TF) and other components of the extrinsic coagulation pathway, which play a crucial role 
in amplifying inflammatory response. Sriram and Insel highlighted, in the context of 
dysregulation of angiotensin signaling in patients with SARS-CoV-2, the release of pro-
inflammatory (e.g., TNFα and RANTES), prothrombotic (e.g., TXA2), platelet-activating 
factor (PAF) molecules, and a possible increase in MCP-1 levels, which can enhance both 
inflammation and platelet activation [32]. Linalool and linalyl acetate are aromatic com-
pounds derived mainly from plants, especially from the Lamiaceae family, such as La-
vandula angustifolia. The results show that the compounds can inhibit the activation of sig-
naling pathways that influence the production and maintenance of inflammatory cyto-
kines. In particular, linalool and linalyl acetate were found to inhibit the activation of nu-
clear factor kappa-light-chain enhancer of activated B cells (NF-Kβ) and mitogen-activated 
protein kinases (MAPK), suggesting the potential for their use as anti-inflammatory 
agents [17,33]. 

Our study shows the efficacy of pretreatment with LO in the improvement of oxida-
tive stress markers (Table 1, Figure 2). The pretreatment with LO induced an increase in 
total antioxidant capacity (TAC) and plasma levels of thiol in a dose-dependent manner, 
with the best results being achieved by the group with the highest dose (Table 2 and Figure 
3). Our results are consistent with reported results in the scientific literature, namely ele-
vated levels of MDA [34,35]. Our results are also consistent with findings reported on spe-
cific diseases. Aboutaleb et al. [36] demonstrated the efficacy of Lavandula angustifolia oil 
in reducing the oxidative stress on renal ischemia. Amer et al. [37] found evidence of the 
effectiveness of LO in decreasing malondialdehyde (MDA) levels and increasing total an-
tioxidant capacity in broiler chickens. Linalool and linalyl acetate, the main components 
of Citrus myrtifolia and Lavandula angustifolia, showed significant anti-inflammatory prop-
erties by effectively reducing NOx and MCP-1 levels [38]. 

Our results suggest that Lavandula angustifolia oil has anti-inflammatory properties 
attributed to its primary active components, linalool and linalyl acetate. The anti-inflam-
matory effect is evident in the modulation of inflammatory cytokine levels. The admin-
istration of nadroparin calcium did not significantly reduce the plasma levels of TNF-α 
(Table 3 and Figure 4). The rats that received the highest LO showed the most favorable 
TNF-α levels, which were statistically significantly decreased compared to the C and NC 
groups (Table 3 and Figure 4). Fraxiparine (NC group) was inefficient in reducing the 
amount of the RANTES chemokine or MPC-1 in our study, while the highest dose of LO 
significantly reduced the plasma levels of RANTES chemokine and MPC-1 compared to 
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the NC group (Table 3 and Figure 4). Our findings align with previous reports. Sadeghza-
deh et al. [39] demonstrated that the severity of myocardial injury is reduced by attenuat-
ing pro-inflammatory cytokines, TNF-α, and oxidative stress. Ma et al. [40] reported a 
reduction in the infiltration of inflammatory cells and a reduction in the production of 
pro-inflammatory cytokines, including TNF-α, IL-6, IL-1β, IL-8, and MCP-1 in pulmonary 
inflammation caused by cigarette smoking. 

The Low Molecular Weight Heparins (LMWH) do not show effects on inflammatory 
markers and cytokines [41,42]. The administration of nadroparin calcium therapy signifi-
cantly increased bleeding and clotting times, but the LO did not demonstrate efficacy com-
pared to the NC group (Table 4 and Figure 5). Our results could be explained by the ab-
sence of side effects of the LO (e.g., bleeding). 

The results observed in our study on the evaluated biomarkers align with the results 
of histopathological analysis (Figure 6) and demonstrate the anti-thrombotic properties of 
LO. Our results are consistent with previous in vitro and in vivo studies documenting the 
anti-thrombotic and antiplatelet properties of LO’s main compounds (linalool and linalyl 
acetate) [23,43]. 

Renal and liver function varied between groups, with increased values in the T group 
compared to the C group (Table 5), showing the impairment induced by thrombosis. The 
lowest value of plasma levels of creatinine, urea, AST, and ALT were observed in the 
group with the highest dose of LO. The nephroprotective effect of LO on creatinine levels 
in an experimental model of kidney injury was reported by Aboutaleb et al. [36]. In addi-
tion, linalool is recognized for its natural properties, including anti-inflammatory, antiox-
idant, and hepatoprotective effects [44]. 

Our study demonstrates the effectiveness of lavender oil in nadroparin calcium-
treated rats with experimental thrombosis. Given the different amounts of chemical com-
pounds in Lavandula from different geographic areas, quantification of the active com-
pounds could increase the power of evidence regarding the anti-inflammatory and oxida-
tive stress effects on thrombosis. The tissue levels of the biomarkers could also be of inter-
est in the demonstration of efficacy as a preliminary step in translation toward investiga-
tions on humans. It might also be of interest to investigate the synergic effect of LO in 
combination with other natural compounds (e.g., curcumin [45–47], ginger [24], etc.) 
added to standard thrombosis treatment to minimize the side effects of standard medica-
tions. 

5. Conclusions 
Our study demonstrated the beneficial anti-inflammatory and antioxidant effects of 

lavender oil pretreatment associated with nadroparin calcium treatment in rats with ex-
perimentally induced thrombosis. Lavandula angustifolia oil’s efficacy varies with dose, 
with the best effects being observed for a dose of 200 mg/kg b.w. LO and 86 IU/kg b.w. 
nadroparin calcium. The positive effects on plasma levels of the investigated oxidative 
stress and antioxidant biomarkers, the reduction in inflammatory cytokines, and the 
preservation of renal and hepatic functions support the added value of LO. 
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