
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Evaluation of acute dermal and ocular irritation of wood 
pyrolysis byproducts 
 

ABSTRACT 
Wood vinegar and wood tar have been used 
historically, based on traditional knowledge, for 
skin care in many parts of the world. This study was
conducted to evaluate the acute dermal and ocular 
irritation potential of wood pyrolysis byproducts 
(wood vinegar and wood tar) obtained from a mixture
of wood species cocktail from Ivory Coast. The 
safety assessment of these byproducts was carried 
out in accordance with the Organization for 
Economic Cooperation and Development (OECD) 
guidelines 404 and 405, using New Zealand albino
rabbits as animal model. The results showed that 
neither wood vinegar nor wood tar caused dermal 
lesions, and only minimal ocular lesions were 
observed; the substances were classified as non-
irritants based on the dermal and ocular irritation 
indexes. Abrasions on the rabbit skin healed within
48 hours post-exposure. These findings suggest that
wood pyrolysis byproducts should be considered 
for the development of skin care products. 
  
KEYWORDS: acute dermal irritability, acute 
ocular irritability, wood vinegar, wood tar. 
 
INTRODUCTION 
Charcoal is one of the preferred combustibles by 
households over firewood in Sub-Saharan Africa [1].
 

According to United Nation Environment 
Programme (UNEP), due to population growth 
and urbanization, charcoal production is projected 
to double by 2030 [2]. Pyrolysis is a process that 
converts wood into charcoal and in addition, 
yields various byproducts. These include non-
condensable gases, wood vinegar and wood tar 
[3]. The latter byproducts have been used for 
different purposes such as wood preservative, pest 
control, food, skin care and medicinal treatment 
[4, 5]. The chemical components of these 
byproducts vary depending on the wood species 
used and process parameters like carbonization 
temperature, heating rate, and pressure [6, 7]. 
Wood vinegar and wood tar have antimicrobial, 
antioxidant, and anti-inflammatory properties and 
hence offer several therapeutic benefits. Studies 
report that wood vinegar contain phenolic 
compounds responsible for its antibacterial and 
antioxidant effects [8, 9], while wood tar exhibits 
strong antimicrobial and antioxidant activities 
[10]. Moreover, wood vinegar has been found to 
reduce pro-inflammatory cytokines, highlighting 
its anti-inflammatory potential [11]. Their 
properties make them valuable ingredients for 
skin care and thus used in cosmetic, 
pharmaceutical and medical applications. Since 
ancient times, wood tar has been used to treat 
various skin conditions such as eczema, psoriasis, 
seborrhoeic dermatitis and even today it is used in 
skin care products [12]. Studies report that wood
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vinegar is used to treat skin diseases caused by 
either bacteria or fungi [13]. 
Although the use of wood tar and wood vinegar is 
based on traditional knowledge, fewer scientific 
research findings have reported their innocuousness
for skin care.  Therefore, an appropriate toxicological
investigation is necessary to ensure safety before 
human use. The preclinical and clinical research 
are crucial to reliably predict substance toxicity in 
humans [14]. These studies help assess how 
biological systems react to substances and identify 
potential adverse effects before human exposure. 
Preclinical assessment presents different toxicity 
testing methods ranging from in vivo (animal) to 
in vitro methods using reconstructed human skin 
models [15]. In the current study, the aim was to 
assess acute dermal and ocular irritation in 
compliance with OECD 404 and 405 guidelines. 
This in-vivo toxicity testing uses New Zealand 
albino rabbits as standard model due to their 
sensitivity. The major advantage is the ability to 
investigate the effects on the whole organism 
including its physiological and biochemical 
reactions to drugs [16]. Toxicity testing data 
supports effective product development. This 
study will contribute to the existing knowledge of 
wood pyrolysis byproducts through a preclinical 
evaluation of wood tar and wood vinegar 
produced from charcoal smallholders in Ivory 
Coast, for potential skin application. 
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MATERIALS AND METHODS 
 
MATERIALS 

Test substances 
Wood pyrolysis byproducts were obtained from 
charcoal smallholders at N'gokro training site [17] 
in the Alépé department and at Affery site in the 
Adzopé district of the Mé region, at longitude 
3°38'24'' West and latitude 5°21'17'' North and at 
longitude 3° 57′ 12″ West, at latitude 6° 19′ 09″ 
North, respectively. Pyroligneous liquids were 
produced, using improved traditional kiln, using 
various wood species (listed in Table 1) and 
stored for over 12 months. Collected liquids were 
separated into 2 fractions: aqueous liquid named 
wood vinegar (WV) or pyroligneous acid (PA) 
and paste named wood tar. Four wood vinegar 
samples (WV1, WV2, WV3, WV4) and two wood 
tar samples (T1, T2) were selected for this study 
based on their previously characterized physical, 
chemical, and antioxidant properties. Prior to 
application of wood tar on treatment sites (shaved 
area and eye) of albino rabbits, 100 mg of solid 
wood tar was mixed with 2 ml Sodium 
Carboxymethylcellulose (CMC) to ensure its 
proper adhesion to the skin during testing.  

Test animals 
12 female New Zealand albino rabbits, at least 10 
weeks-old, weighing approximately 1.5-2.5 kg at 
 

Table 1. Type of wood species used for the production of wood pyrolysis byproducts. 

Wood 
pyrolysis 

byproducts 
WV1 WV2 WV3 WV4 T1 T2 

Hevea brasiliensis 
(Hévéa) 

Hevea brasiliensis (Hévéa) Terminalia ivorensis (Framiré) 

Terminalia ivorensis 
(Framiré) 

Cola nitidae (Colatier) Petersianthus macrocarpus (Abalé) 

Acacia mangium 
(Acacia) 

Piptadeniastrum africanum 
(Dabema) 

Cola nitidae (Colatier) 

Piptadeniastrum africanum (Dabema) 
Canarium Schweinfurthii (Aiélé) 

Cynometra ananta (Apomé) 
Khaya ivorensis (Bakoko or Acajou)  

W
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sp
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Petersianthus 
macrocarpus 
(Abalé) 

 

Alstonia boonei (Emia or Emien) 
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modification [18]. Twelve healthy rabbits were 
used which were checked for intactness of skin 
beforehand. Only those with intact skins were 
used for the study. Rabbits were shaved on both 
flanks (10% of body surface area), 24 hours 
before application of the samples. For each test 
substance, two animals were used. Parallel 
incisions were made at the test site of one animal 
to assess the substance’s effect on wound healing, 
while the other animal received the substance on 
intact-skin to evaluate skin irritation. Superficial 
incisions that did not induce bleeding were made 
with the tip of a needle on one flank. The opposite 
untreated flank served as the control site. 0.5 ml 
of sample was applied in the test site. Both the 
treated and controlled sites were covered by 
sterile gauze and the flank of the rabbit was 
wrapped with a non-occlusive bandage. After 
4 hours of exposure, the test materials were 
removed from the test site and rinsed with 
distilled water. Observation of the sites was done 
at 4 hours after application, and repeated at 24, 48 
and 72 hours thereafter. The reactions, defined as 
erythema and edema, were evaluated according to 
the OECD regulations No. 404. The animals were 
observed for 14 days post application. Skin 
irritancy of the substance was classified according 
to the primary irritation index (PII). Also, primary 
irritation index (PII) was calculated using the 
following formula: 
 
 
 
 
 
 
 
 
 
 
 

check if this chemical compound was responsible 
for the irritancy or not. Both lids were then gently 
held together to prevent the loss of test 
substances. The other eye remained untreated and 

receipt, were used for the experiment. They were 
acclimated to the laboratory for 10 days prior to 
the start of the experiment. All the animals were 
maintained under favorable environmental 
conditions. Rabbits were housed individually in 
standard cages with a temperature of 20-23°C, 
relative humidity of 60-70% and a lighting cycle 
of 12 hours of dark/light. They were fed only with 
Ivograin brand rabbit pellets (Ivorian animal 
production company) and only Albino rabbits
found to be in good health and non-pregnant 
females were selected for the study. 2 rabbits were 
used for each treatment. 
 
METHODS 
The acute skin irritation assessment provides 
information on the health hazards likely to arise 
from exposure to liquid or solid test substances by 
dermal and ocular application. The New Zealand 
White albino rabbit is the preferred laboratory 
animal recognized as appropriate for acute dermal 
and eye irritation studies. Experiments were 
carried out following animal welfare guidelines 
and based on the established principles of 
Reduction and Refinement. 

Acute dermal irritation experiment 
The acute dermal irritation study was conducted 
following the OECD guideline 404 with slight 
 
 
 
 

The irritation degree was categorized as negligible, 
slight, moderate or severe irritation based on the 
PII (Table 2). 

Acute eye irritation experiment 
The eye irritation study was carried out according 
to the OECD Guideline 405 “Acute Eye 
Irritation/Corrosion” [21]. Only rabbits with no 
eye abnormalities were used. 0.1 ml of test 
substances was instilled into the conjunctival sac. 
For each test substance, two rabbits were used. 
They received two different treatments, one with 
wood tar mixed with CMC (wood tar + CMC) 
applied to one rabbit’s eye and the other one with 
CMC only applied to the second rabbit’s eye, to 
 

[19]

Table 2. Classification of primary irritation index 
(PII) [20]. 

Primary irritation index Class of irritant 
<0.5 Non-irritant 
<2 Slightly irritant 
2-5 Moderately irritant 
>5 Severely irritant 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

byproducts in albino rabbits. Following wood tar 
and wood vinegar treatment, no lesions were 
observed on the treated skin of rabbits. For rabbits 
with incisions, no edema and erythema/eschar 
formation were observed but complete healing of 
the skin was observed at 48 hours post-exposition. 
Signs of healing were observed from 24 hours to 
14 days post-treatment, as shown in Figure 1. The 
mean scores for every treatment applied on rabbits 
were equal to 0. The primary irritation indexes 
calculated with the mean scores were equal to 0. 
Substances did not induce any harmful effects on 
the treated site. Furthermore, it was observed that 
the weight of rabbits was not affected during the 
experimental period (Table 4). 

Eye irritation  
The in vivo eye irritation test conducted in the 
present study followed the OECD guideline number
405 to assess the full range of irritation. Throughout 
the experimental period, the eye of each animal, 
treated with wood tars + CMC (T1 + CMC and T2
+ CMC), CMC only and wood vinegar (WV4) 
appeared normal. The mean scores for these 
treatments were equal to 0. So, the OII calculated 
were equal to 0. The rabbit eye treated with wood 
vinegars (WV1, WV2, WV3) showed eye lesions 
after 4, 24, and 48 hours, and at 72 hours, all 
disappeared (Table 5). For the wood vinegars (WV1, 
WV2, WV3), mean scores were determined for 
ocular irritation parameters, including corneal 
opacity, iris appearance, conjunctival redness, and 
chemosis. Table 6 shows the calculated OII with 
the sum and average of mean scores. For treatment
with wood vinegars (WV1, WV2, WV3), the OII 
were 0.125, 1.87 and 1.75, respectively. All the 
substances were found to be non-irritant to eyes.  
 
 
 
 
 

 
 
 
 
 
 
 

served as the control. In the case of immediate 
irritating effects after instillation, the eye was 
rinsed with distilled water. Observations of 
responses, including corneal opacity, conjunctival 
redness, abnormality of the iris, and chemosis, 
were recorded at a minimum of 1 hour, 24 hours, 
48 hours, and 72 hours after application of the test 
substance. The animal eyes were observed for 21 
days after instillation. The eye irritancy was 
graded by scoring ocular lesions using the OECD 
Guideline 405. The eye irritation potential of 
substances was assessed using the ocular irritation 
index (OII), which was calculated using the 
following formula: 

 [19]  

The irritation level was classified following the 
OII (Table 3). 
 
RESULTS  

Skin irritation 
The OECD test guideline Number 404 was used 
to study the acute skin irritation of wood pyrolysis 
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Table 3. Classification of ocular irritation index 
(OII) [22]. 

Ocular irritation index Level of eye irritability 
0 < OII <10 Non-irritant 
10≤ OII < 20 Slightly irritating 
20 ≤ OII < 30 Moderately irritating 
30 ≤ OII ≤ 110 Severely irritating 

 

 

 
a: 4 H post-exposition b: 48 H post-exposition c: 14 days post-exposition 

Figure 1. Healing of the abraded rabbit skin (from a to c). 
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No lesions were observed after eye exposure to 
wood tars + CMC (T1 + CMC and T2 + CMC), 
CMC only and wood vinegar (WV4). CMC seems 
to be safe for the eyes, implying that it does not 
cause any effects associated with wood tar 
application during the experimental period. Minimum
responses were observed after eye application of 
wood vinegars (WV1, WV2, WV3). Regarding 
observation of iris, the results showed no damage, 
which means that the deeper eye tissues were not
affected. As for the cornea, the results of the 
measurement of the degree of opacity of the eye 
showed that there was no opacity or ulceration. 
So, the wood vinegars (WV1, WV2, WV3) did not 
affect the superficial and protective tissues of the 
eye. Results obtained with the ocular irritation 
index allowed classification of all wood tars and 
wood vinegars as non-irritant to eyes. No studies 
have been reported on ocular toxicity of wood tar 
and wood vinegar. Scientific data related to ocular 
toxicity are scarce. Our findings assert that eye 
exposure to wood pyrolysis byproducts does not 
seem to be dangerous. Therefore, these findings 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISCUSSION 
This investigation was done on the eye and skin of 
the rabbit because these two exposure routes represent
the most common and sensitive routes for predicting
skin irritation. The post-exposure observations of 
the rabbit skin did not show any response to wood 
pyrolysis byproducts. Similar observations about 
wood tar were reported by Johnson [23] in his 
final report on the safety assessment of Juniper 
extract. Skin toxicity of wood vinegar related to 
human use is not well documented. However, some
cytotoxicity studies have shown the safety of 
using this product at low concentrations [24, 25].
The primary irritation indexes obtained come 
under the category of non-irritant according to 
the classification of irritation index. The weight 
increase of rabbit was within the usual range of 
variation seen in this animal species. This suggests
no interference with the nutrient absorption. These 
current findings indicate the safety of wood 
pyrolysis byproducts for skin. After the study period,
superficial skin wounds did not worsen and 
instead showed signs of healing within 48 hours.  

Table 4. Body weight behavior in New Zealand rabbits during experimentation. 

Animals WV1 WV2 WV3 WV4 T1 T2 

 Weight (kg) 
 Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final 

01 2 2.6 1.9 2 2 2.2 2.2 2.4 2.8 2.9 2.4 2.6 
02 1.8 2 2.20 2.5 2.1 2.3 1.9 2 2.7 2.9 2.2 2.3 

Table 5. Mean scores for ocular lesions in rabbits.  

Substances WV1 WV2 WV3 WV4 T1 T2 

Hours 1 24 48 72 1 24 48 72 1 24 48 72 1 24 48 72 1 24 48 72 1 24 48 72
Conjunctiva 1 0 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Iris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cornea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chemosis 0 0 0 0 6 6 1 0 6 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Table 6. Ocular irritation indices obtained for each substance. 

Substances  WV1 WV2 WV3 WV4 T1 T2 
OII 0.125 1.87 1.75 0 0 0 
Eye irritability level Non-irritant 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

60 Ahoke Mandji Eliane Marie Frédéric et al.

6.  Panwar, N. L., Kothari, R. and Tyagi, V. V. 
2012, Renew. Sust. Energ., 16(4), 1801–1816.  

7.  Santos, S. F. O. M., Piekarski, C. M.,
Ugaya, C. M. L., Donato, D. B., Braghini, 
A., de Francisco, A. C. and Carvalho, A. M. 
M. L. 2017, Sustainability, 9(9), 1558.  

8.  Yang, J. F., Yang, C. H., Liang, M. T., Gao, 
Z. J., Wu, Y. W. and Chuang, L. Y. 2016, 
Molecules, 21(9), 1–10.  

9.  Ouattara, H. A. A., Niamke, B. F., Ahoke, 
M. E. M. F., N’guessan, J. L. L., Amusant, 
N. and Dumarcay, S. 2024, J. Anal. Appl. 
Pyrolysis, 181, 106629. 

10.  Al-Asmari, A., Siddiqui, Y., Islam, M., AL-
Ghamdi, M. and El-Elaiwai, Ab. 2015, Int. 
J. Phytomed., 6, 444–447. 

11.  Lee, C. S., Yi, E. H., Kim, H. R., Huh, S. R.,
Sung, S. H., Chung, M. H. and Ye, S. K. 
2011, J. Ethnopharmacol., 135(3), 747–753. 

12.  Barnes, T. M. and Greive, K. A. 2017, Aust. 
J. Dermatol., 58, 80–85. 

13.  Rakmai, J. 2009, Chemical Determinations, 
Antimicrobial and Antioxidant Activities of 
Thai Wood Vinegars. Songkla Üniversitesi 
master thesis, Thai. Prince of Songkla 
University. 

14.  Madorran, E., Stožer, A., Bevc, S. and 
Maver, U. 2020, Bosn. J. Basic Med. Sci., 
20(2), 157–168.  

15.  Masarone, S., Beckwith, K. V., Wilkinson, 
M. R., Tuli, S., Lane, A., Windsor, S.,
Lane, J. and Hosseini-Gerami, L. 2025, Digit. 
Discov., 4(2), 303-315. 

16.  Summerfield, S. G. and Dong, K. C. 
2013, J. Pharmacokinet. Pharmacodyn., 
40(3), 301–314. 

17.  REDD+, and Nitidae. 2019, Formation de 
charbonniers à la carbonisation améliorée 
(Alépé et Adzopé, 2019). Retrieved from 
https://www.nitidae.org/files/1f0b34ea/1907
02_rapport_formation_charbonniers_projet_
redd_me_.pdf 

18.  OECD. 2015, Acute Dermal Irritation/
Corrosion. OECD Guideline 404 for testing 
chemicals adopted on July 28, 2015. 
Retrieved from https://www.oecd.org/
content/dam/oecd/en/publications/reports/20
15/07/test-no-404-acute-dermal-irritation-
corrosion_g1g59b23/9789264242678-en.pdf

suggest that wood tar and wood vinegar could be 
safe for the skin. 
 
CONCLUSION 
The present study was carried out to assess the 
safety of wood tar and wood vinegar for skin. The 
acute dermal and ocular irritation potential of 
wood pyrolysis byproducts, wood tar and wood 
vinegar, were invested in New Zealand albino 
rabbits. According to the findings of the acute 
dermal irritation test, the primary irritation 
indexes in the treated animals showed no irritation 
on the skin of rabbits. Furthermore, the substances 
induced healing of the abraded skin. The results of 
the ocular irritation test exhibited minimum eye 
responses but no irritation. According to OECD 
guidelines 404 and 405, these findings show the 
safety of wood tar and wood vinegar, implying 
that their use in people does not cause dermal or 
ocular irritation. 
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