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Plain English Summary

Surgical plumes are smoke substances that are emitted from surgical machines when performing surgical
procedures. The surgical plumes pose a health threat to theatre doctors and nurses, and prolonged
exposure can cause organ failure in these individuals, particularly female practitioners of childbearing age.
The result from this study showed that the structure of the liver, kidney and ovaries of subjects in the surgical
plume group was distorted, which could suggest an impairment in the normal function of these vital organs.
However, when the antioxidant cocktail was administered, the morphological changes in these organs were

averted.
Background
Over the decades, environmental

factors/substances have been reported as a
contributing factor to several health complications.
Among these substances are surgical plumes
(surgical smoke/vapour), which are often
overlooked as an occupational hazard in surgical
settings, emitted when biological tissue is disrupted
by energy-based devices (1, 2). The use of

electrosurgical instruments ruptures cellular
membranes, releasing vaporised intracellular
contents, including visible and invisible

particulates, gases, and smoke (2, 3). Surgical
plume is primarily composed of water in the form of
steam, but approximately five per cent consists of
cellular debris, which may contain carcinogens,
toxins, blood, bacteria, viruses, and tissue particles
(3). Aerosolisation of these plumes spread
throughout the operating theatre, exposing both
staff and patients to potentially harmful substances
when they are inhaled into the body. This increases
the metabolic demand on the liver and kidneys to
eliminate the toxins from the body (4). However,
these organs can be overwhelmed due to
excessive exposure to toxins, and this can trigger
cellular inflammation/oxidative stress, leading to
complications such as hepatic carcinoma, liver
cirrhosis, and chronic kidney diseases, among
others (5, 6).

Moreover, studies have also shown that exposure
to toxins and endocrine-disrupting chemicals
(EDCs) from environmental contaminants,
including surgical smoke could alter the female
reproductive organ (ovaries) by contributing to
impaired follicular development and
estrogen/progesterone  secretion needed to
maintain/sustain female reproductive health, thus
resulting in primary ovarian insufficiency and
infertility, among others (7, 8, 9). Additionally, it has
been documented that prolonged exposure to
these toxins increases the risk of ovarian cancer in
individuals who reside in regions where
environmental pollution is common (10, 11),
particularly individuals who are exposed to frequent
inhalation of surgical smoke from surgical
procedures. Similarly, the presence of toxins in
circulation triggers the release of inflammatory

cytokines to protect the cells from the invasion of
foreign/harmful substances (12). However, during
metabolic stress, the compensatory mechanism
can be lost, leading to prolonged systemic
inflammation (13). Likewise, chronic inflammatory
response has been shown to alter cellular integrity,
thus predisposing cells to neoplastic reformation
(14, 15). In addition, chronic inflammation and
oxidative stress may induce DNA mutation via the
generation of excessive free radicals, which is a
sine qua non for carcinogenesis (10, 16).
Nevertheless, there is a paucity of studies showing
the effect of surgical plume on the reproductive
health of female workers who are exposed to
frequent surgical procedures.

Moreover, several studies have shown that
therapeutic agents, particularly agents with
abundant antioxidants elicit their beneficial effects
via modulation of inflammatory pathways and
suppression of excessive free radicals in circulation
which may arise as a result of metabolic stress
induced by environmental factors/toxicants such as
smokes from industries, water pollution, soil
pollution, among others (17, 18, 19). Antioxidant-
rich supplements have been reported to play a key
role in improving immune responses and
suppressing the excess free radicals in circulation
by maintaining redox balance (20), which in turn
protects cellular integrity from inflammation,
oxidative stress and ultimately, apoptosis.
Antioxidant-rich substances like citrus, green
vegetables and high-fibre foods have been shown
to improve gut health, which regulates the overall
metabolic health of an individual (21, 22).
Nevertheless, studies have reported that depleted
levels of antioxidants contributed to
systemic/tissue inflammation, oxidative stress and
well as cellular apoptosis (21, 23, 24). Therefore,
this study was designed to evaluate the
hepatorenal/ovarian  architecture aimed at
investigating ovarian response to uncontrolled
exposure to surgical plumes and the therapeutic
effect of antioxidant administration in an
experimental rat model.
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Materials and methods

Experimental animals, grouping of animals and
protocol

Adult female Wistar rats were purchased and
housed in cages at the College of Medical
Sciences, University of Benin, animal house. Rats
were acclimatised for two weeks and had limitless
access to standard rat chow and tap water.
Thereafter, rats were randomised into four groups
with a sample size, n=6. The groups include control
(CONT), surgical plume only (SUPM), antioxidant
only (ANTO), and SUPM + ANTO groups. Rats
were maintained under standard environmental
conditions, with normal room temperature, relative
humidity of about 50-60% as well as a dark/light
cycle of 12 hours respectively. This research was
performed in adherence to guidelines from the
National Institutes of Health Guide for the Care and
maintenance of Laboratory Animals, and the
protocol was approved by the Ethical Review
Board of College of Medical Sciences, University of
Benin animal house, Benin City, Edo State,
Nigeria, with the protocol number
CMS/REC/2024/787.

Exposure to surgical plumes

The exposure chamber, made of stainless steel
and glass, measures 31 cm x 24 cm x 21 cm is
prepared, and experimental rats are placed inside.
An animal is used as the plume source and burned
with a probe inside the chamber, generating a
plume in the presence of the experimental rats. The
rats are exposed to the plume for 30 minutes daily
for a duration of 28 days (25, 26, 27). The chamber
temperature and humidity are maintained within a
specified range to ensure a controlled exposure
environment.

Treatment

The animals in the control group received olive oll,
the SUPM group received distilled water, while rats
in ANTO and SUPM+ANTO groups received a
cocktail of antioxidants containing vitamins A, C, E
and Selenium (20 mg/kg, p.o.) for 28 days as
previously described by (27, 28). The antioxidant
cocktail was purchased in powder form from
Molychem India LLP (Code: 17785) and was
dissolved in Olive oil (Goya Extra virgin Olive oil;
Batch no: 0040, 8993379261771) as previously
described by (27).

Sacrifice of animals

At the end of the 4 weeks of administration, the
experimental animals were sacrificed. Chloroform
was used to anaesthetise the animals. Organs
were isolated for morphological evaluation.

Histological preparation

Hepatic tissue, renal tissue and ovarian tissue were
isolated from rats and examined using H & E
stains. For hematoxylin and eosin (H & E) stains, a
section of the liver, kidney and ovary was fixed in
10% formalin saline overnight. The tissues were
thereafter dehydrated, embedded in paraffin, and
sectioned at 5-um thickness. The various slides for
each tissue were prepared and examined using an
OPTO-Edu industrial camera light microscope and
a computer (Nikon, Japan) as previously described
by (29, 30, 31, 32).

Result

Antioxidant cocktail reversed hepato-
morphological disruption in experimentally SUPM
rats

There was a disruption in the liver morphology in
the SUPM group when compared to the CONT
group. However, this was reversed in the
SUPM+ANTO group compared to the SUPM group
(Figure 3.1).

SUMP, and ANTO+SUMP (H&E, X40).

Sections of hepatic tissue from control show normal architecture: HC, SI, HA and BD Sections of hepatic
tissue from rats exposed to SUPM only show: DC, Pl and KM. Sections from rats exposed to antioxidants
only showed: active sinusoidal congestion, LM and KM, while sections from rats exposed to SUPM + ANTO
showed: DC, Pl and DE
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Antioxidant cocktail improved renal morphology in
the experiment SUPM-induced animal model

Renal morphology was distorted in the SUPM
group when compared to the CONT group.

However, this was reversed in the SUPM+ANTO
group compared to SUPM only (Figure 3.2).

Figure 3.2: Photomicrograph of the sections of the Kidney in the control and rats exposed to
ANTO, SUMP, and ANTO+SUMP (H&E, X40)
Sections of kidney from control animals showed: normal architecture: TU, IS and GL, while rats exposed to
plumes only showed: CO and IC. Sections of kidney from rats exposed to antioxidants only showed: TU and
GL, DC, and sections of kidney from rats exposed to plumes + antioxidants showed: NT and NG, AC

Antioxidant cocktail improved ovarian morphology
in the experiment SUPM-induced animal model

Ovarian morphology was distorted in the SUPM
group when compared to the CONT group.

However, this was reversed in the SUPM+ANTO
group compared to SUPM only (Figure 3.3).

SUPM+ANTO

Figure 3.3: Photomicrograph of the sections of the Ovarian in the control and rats exposed to
ANTO, SUMP, and ANTO+SUMP (H&E, X40).

Sections from control rats showed normal architecture, including CE, ST, and FO, whereas animals exposed
to surgical plumes only showed severe DC, DF, VU, and CL. Ovarian sections from rats exposed to anti-
oxidant only showed: AC, TF and CL, while the ovarian section of animals in the SUPM + ANTO group
showed: LS, DF, PF and SF

Discussion

The effect of surgical plume (a byproduct of
electrosurgical procedures) on the liver, kidneys
and ovaries is understudied. Liver and kidney
complications are among the leading causes of
morbidity and mortality globally, particularly among
women of childbearing age who reside in regions
susceptible to environmental hazards (5, 33, 34).
Similarly, these women are not only prone to

hepatic/renal complications but infertility cases
(10). Previous studies have shown that
environmental toxins negatively affect metabolic
health via suppression of the antioxidant system
and upregulation of inflammatory mediators, as
well as oxidative stress, which in turn disrupts
cellular function and structure (13, 19). Results
from the present study showed that rats in the
SUPM group were characterised by distorted
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hepatic/renal morphology, as well as altered
ovarian follicles when compared with the control
group. Nevertheless, administration of an
antioxidant cocktail attenuated these morphologic
alterations in treated animals compared to the
untreated surgical plume group.

The present finding showed an aberration in the
hepatic and renal morphology of animals in the
SUPM group when compared to the control
animals. The liver is an important metabolic organ
that plays several important roles, including
glycogen storage, metabolism of proteins, fats and
carbohydrates, detoxification of waste products,
regulation of cholesterol level, and immune
regulation, among others, under physiological
conditions (34). However, the invasion of toxins
into circulation triggers the release of abundant
inflammatory cytokines into circulation (systemic
inflammation). In response to the liver to
aggravated circulating levels of inflammatory
cytokines, glycogen is depleted to release ATP in
order to cope during metabolic stress, which
consequently triggers the influx of inflammatory
cytokines into the liver as observed by the
presence of abundant leucocytes in the hepatic
tissue (35). This implies that under metabolic
stress, the liver is susceptible to complications,
including liver cirrhosis, liver carcinoma, among
others, which in turn could release more reactive
oxygen species (ROS) into circulation, thereby
aggravating oxidative stress as well as cellular
apoptosis (6, 34). Similarly, the renal tissue is
susceptible to metabolic assault as a result of
chronic inflammatory responses, which possibly
disrupts the podocytes and makes it permeable to
substances, including proteins and fats, leading to
proteinuria and lipiduria, respectively, which are
symptoms of kidney failure (36, 37). Nevertheless,
when the antioxidant cocktail was administered,
there was a significant improvement in the
hepatic/renal morphology as observed by
decreased expression of Kupffer cells in the liver
and an improved Bowman’s capsule/space,
respectively, in the SUPM+ANTO group when
compared to the untreated SUPM group. This
suggests that the antioxidant cocktail suppresses
inflammation and oxidative stress via upregulation
of the antioxidant system, which possibly
attenuates liver/renal complications associated
with surgical plumes.

Additionally, the present study showed that SUPM
animals were characterised by severe stromal
vasodilatation, devitalized follicles, and vascular
ulceration. These pathological changes suggest
that surgical plume exposure induces oxidative
stress, vascular injury, and inflammation, leading to

follicular atresia and ovarian dysfunction. Previous
studies have documented the toxic effects of
environmental pollutants, including endocrine-
disrupting chemicals (EDCs) and occupational
exposures, on ovarian health. Additionally, chronic
exposure to industrial air pollutants leads to
follicular degeneration, stromal fibrosis, and
impaired steroidogenesis, findings consistent with
the observed ovarian damage in this study (38, 39).
The implications of such pathological changes
extend beyond reproductive dysfunction, as long-
term oxidative stress in the ovary has been linked
to premature ovarian failure, infertility, and an
increased risk of ovarian cancer (40). Interestingly,
animals in the SUPM+ANTO group showed
improved ovarian morphology, as observed by
improved primary and secondary follicles,
suggesting some degree of follicular preservation.
The presence of degenerating follicles indicates
that antioxidant therapy alone was not fully
protective against the toxic effects of surgical
plume exposure. This finding is consistent with a
previous study described by Porter et al. (41), who
reported that antioxidants help reduce oxidative
stress in the ovary, but are not sufficient in
preventing all forms of ovarian damage induced by
airborne toxins. The luteinisation of the stroma may
reflect a compensatory response to oxidative
stress, where altered steroidogenesis attempts to
counteract follicular damage. This aligns with
earlier findings suggesting that chronic exposure to
oxidative stressors alters normal hormonal
signalling, leading to disrupted ovarian function
and suboptimal reproductive outcomes (17, 39).

Given these findings, therapeutic interventions
should extend beyond antioxidant
supplementation. While antioxidants provide a
degree of ovarian protection, the persistence of
follicular degeneration despite treatment suggests
that additional strategies, such as plume
evacuation systems, improved surgical ventilation,
and the use of high-efficiency filtration masks,
should be prioritised (41, 42). Furthermore, novel
anti-inflammatory and cytoprotective agents may
be explored to enhance hepatorenal/ovarian
integrity against toxic insults. Future research
should focus on dose optimisation, combination
therapies, and long-term reproductive outcomes in
individuals chronically exposed to surgical smoke.

Conclusion
Surgical plume exposure compromised
hepatic/renal and ovarian tissue to cellular

inflammation and oxidative stress, which
contributed to cellular apoptosis. The present study
revealed that antioxidant administration elicited
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protective effects in mitigating plume-induced
hepatorenal and ovarian toxicity. The findings
further highlight the urgent need for plume
evacuation systems, enhanced ventilation, and
protective measures to safeguard reproductive
health among healthcare workers.

Limitations of the study

The mechanism of action was not investigated in
this study. However, other studies have reported
that plume-induced pathology could be due to
oxidative stress and inflammation.
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