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Abstract. Medicinal products as a causative agent of occupational diseases in pharmaceutical workers (literature
review). Kuzminov B.P., Zazulyak T.S. The issue of occupational diseases in chemical and pharmaceutical workers is
urgent because it stems from the rapid pace of development, the functional features, and the high biological activity of
raw materials used by that industry. The study is aimed at summarizing the information on preconditions and nature of
occupational diseases among chemical and pharmaceutical workers based on the analysis of literature data. An important
prerequisite for the emergence of occupational diseases is the shortcomings in the production process, leading to
pollution of surfaces and workspace air with chemicals through the use of semi-automatic equipment in particular. The
harmful substances then enter the bodies of workers through the respiratory system, which is the main and most harmful
way. The most dangerous processes are the production and processing of substances with high pharmacological activity,
and thus the active pharmaceutical ingredients maybe considered to be the leading causative agents of occupational diseases
in the industrial production of medicinal products. The range of diseases diagnosed in pharmaceutical workers is diverse and
includes acute intoxication, effects on internal organs, reproductive function, changes in hormonal status, and changes in the
hemic system and nervous system. The most common are diseases of respiratory organs and diseases of allergic origin. As a
result, influential international organizations and many authors emphasize the need to develop criteria and methods for
assessing the harmful effects of medicinal products on the health of workers when authorizing their production.

Pedepar. Jlikapcbki 3aco6u ik eTionoriynunii YHHHUK NpodeciiiHuX 3aXBOPIOBaHb POOITHUKIB (papMaleBTUYHHUX
nignpuemct (orasa Jireparypu). KysbminoB B.II., 3azyasak T.C. Cmpiuxi memnu pozeumxy, ocobausocmi
@yHKYiOHY8aAHHA MaA 8UCOKA 0i0N02IYHA AKMUBHICIb CUPOBUHHUX MAMepianie, wo 3acmoco8yromvCs, 3YMOGIII0NMb
akmyaibHicmes npobdiemu NpPo@eciiinol 3aX60PIOBAHOCMI 8 NPAYIBHUKIE XIMIKO-(apmMayesmuino2o eupoOHUYMEdA.
Memoro docnidacenns 6yn0 y3aeanvienus ingopmayii npo nepedymosu ma xapaxkmep npogecilinoi 3ax60po8anocmi
ceped poOIMmHUKIE XIMIKO-(DapMayesmuuHo2o supoOHUYMEa, sike NPOOOULOCH HA OCHOBL AHANIZY IIMEPAMYPHUX OAHUX.
Toxazano, wo 6acomor0 nepedymosor) SUHUKHEHHS NPOPECIliHUX 3aXB0PI0GAHb € HEOOCKOHANICHb MEXHON02IYHO20
npoyecy UpoOHUYMEA, Wo NPU3B00UNs 00 3a0pyOHEHHS NOBEPXOHb MA NOBIMPsL POOOUYOT 30HU XIMIYHUMU PeHOBUHAMU
3a paxyHOK 6UKOPUCMAHHA, 30KpemMd, Hanisasmomamusosanoi npayi. Ilpu ybomy nHaoxo0dcenus WKiOIUGUX PEeUosUH 6
0peaHizm poOIMHUKIE uepe3 Opeanu OUXAHHSA € OCHOGHUM I HAUOLIbw Hebesneunum wiaxom. Haibinbuia nebesnexa icrye
nio uac ompumaHHs ma nepepooxu cyocmanyiti, Wo NOACHIOEMbCSL BUCOKOIO PapMaKoI02iUHOI0 AKMUBHICIIO OCIAHHIX,
i momy came akmueHi apmayesmuyHi iHSpeOiEHMU MONCHA BBANCAMU NPOBIOHUM eMiONOIYHUM YUHHUKOM NpO-
¢hecitinux 3ax60p06ab NPU NPOMUCTOBOMY BUPOOHUYMET TiKie. Cnekmp 3aXx80pio6ams, SKi (IKCy8aiucs y pooimHuKie
hapmayesmuyHux NIONPUEMCIS, € QOCUMb PIZHOMAHIMHUM I BKIIOYAE 20CMPT OMPYEHHS, GNIUE HA POOOMY GHYMPIUIHIX
Op2anie, Ha penpoOYKMUGHy (hYHKYII0, 3MIHU 20PMOHATLHOLO CIMAMYCY, 3MIHU 8 POOOMI CUCHeMU KPOGi ma HepB06oi cucmemil.
IIpome HavinowupeHiuumMu € NAMOoN02ii Op2anie OUXAHHA Ma 3aX60PIOBAHHS ANEP2IHO20 2eHe3Y. 3 0210y HA Ye 8NIUB0BUMU
MIDHCHAPOOHUMU Op2aHi3ayiamu ma 6azamovMa A8MoOpaAMU HALONOULYEMBCA, WO NPU asmopusayii JiKapcoKux npenapamis
Maroms 6ymu 0OHOYACHO PO3POOIEH] KPUMEPIL ma Memoou OYIHKU iX WKIOIUB020 6NIUBY HA 300P08 ‘s PODIMHUKIE.

Occupational diseases in Ukraine today are a is among leading high-technology industries that
complex of socioeconomic, medical and hygienic make a significant economic impact and determine
problems. Chemical and pharmaceutical production the security strategy of modern states [1, 21]. The

58 Ha ymosax niyensii CC BY 4.0


https://doi.org/10.26641/2307-0404.2022.4.271172
https://orcid.org/0000-0002-8693-1046
https://orcid.org/0000-0001-5896-0475

MEJINYHI IIEPCIIEKTUBH / MEDICNI PERSPEKTIVI

pharmaceutical industry of Ukraine, in particular, in
recent years has shown a steady upward trend in
production of medicinal products, producing as of
early 2021 about 4200 names of medicinal products
of almost all pharmacotherapeutic groups. Public
employment in the production of medicinal products
is 0.15% [4, 5]. By its nature, medicinal products are
developed to interact with the human body's organs
and affect their functioning. Substances used in
finished pharmaceutical products and with a pharma-
cological or other direct effect on the human body are
active pharmaceutical ingredients (substances) [13,
14, 36]. Although the above effects are generally
desirable for patients, any changes in body functions
under the influence of medicinal products, positive or
negative, is an unacceptable effect for workers in the
pharmaceutical industry and can be a causative factor
of occupational diseases [15, 38]. Despite the fact that
there is sufficient evidence for the epidemiological
characteristics of occupational diseases of chemical
etiology, both domestic and foreign authors have
repeatedly noted that insufficient attention had been
paid to chemical safety of pharmaceutical workers,
and as a result this issue determined the objective of
this paper [9, 35, 36].

The research objective is to summarize the infor-
mation on preconditions and nature of occupational
diseases among chemical and pharmaceutical workers.

Chemical and pharmaceutical production is one of
the most material-intensive industries and is
distinguished by a number of features. The small pro-
duction scale of most medicinal products, high
consumption of raw materials and supplies due to the
multistage character and complexity of the sub-
stances’ synthesis process, rapid updating of the
range of medicinal products, the use of the same
facilities to produce different medicinal products, and
the fragmentary nature of the processes have led to
the spread of combined technological production
schemes that allow the release of 2-3 or more types of
medicinal products per year [1, 35, 39].

The industrial production of medicinal products is
based on extensive application of organic synthesis
and processes of isolation and purification of com-
pounds, where gaseous substances can be released
from the reaction containers. Subsequent extraction,
drying, grinding, granulation, packaging of sub-
stances often leads to contamination of air on the
production floor and work surfaces with these
substances [36, 39].

Evaluation of the levels of chemical pollution of
work area air of pharmaceutical enterprises based on
observation cards data showed that the content of
substances in the work area air can exceed the
hygienic standards by 1.4 to 5 times. Equipment
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operators are among those most affected by harmful
influence of aerosolized chemical agents when dosing
raw materials, combining the ingredients according to
the specified ratios, and loading and unloading of
products from manufacturing vessels [2, 11]. Some
substances generate dust that contains up to 98% of
particles less than 5 um in size, thereby facilitating
their penetration into the body via the respiratory
tract. Additionally, many substances such as
camphor, iodine, salicylic acid, as well as a number
of cytostatic agents are capable of sublimating under
normal conditions, drastically increasing the risk of
chemical pollution of workspace air [29].

The high requirements for quality of reaction
masses and raw materials require the use of sampling
and purification of compounds operations during
substance production. On average, sampling during
production occupies 3-5% of working time, and the
concentration of hazardous substances in works pace
air may exceed the hygienic standards by 2 to
28 times. Filtration and washing of semi-finished
products is carried out, typically with the help of
solvents and is 12-15% of the working time of the
operator [3, 19].

Legally defined, a medicinal product is “any
substance or combination of substances (one or more
active pharmaceutical ingredients and excipients) that
has properties and is intended to treat or prevent
diseases in humans,... restore, correct or alter
physiological functions by performing a pharma-
cological, immunological or metabolic action” [12].
Due to the action of active ingredients, each
therapeutic class of medicinal products has certain
biochemical targets, and most medicinal products are
likely to have several targets/receptors. Another
important pharmacokinetic property of medicinal
products is bioavailability. Current knowledge about
the mechanisms of interaction of xenobiotics with the
body holds that the toxic effect of the substance is
largely determined by its concentration in the area of
the biological target, which is strongly associated
with its bioavailability. The bioavailability of a
substance depends on many factors and, first of all,
on the speed of penetration of the chemical agent into
various tissues and cellular barriers, to reach the
required concentration of the substance in the target
organ, where the relevant toxic effect occurs. The
speed at which the substance overcomes various
barriers depends on the physicochemical properties of
the chemical agent itself (ability to ionize, dissociate,
dissolve in lipids, bind to blood plasma proteins,
intercellular space proteins, intracellular proteins,
etc.). Accordingly, medicinal products show their
physiological effect at the subcellular, cellular and
tissue levels. At the same time, new therapeutic agents
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are being developed, taking into account new aspects of
human cell functioning and the relationship between
gene activity and the functions of the proteins they
produce (genomics and proteomics). With these
methods, it is possible to obtain compounds that can
fundamentally change the function of cells as compared
to traditional chemical therapeutic agent [27, 48].

The therapeutic action of pharmaceutical pro-
ducts, which is dominant, is called the main effect.
From a therapeutic point of view, this is a very
desirable action. Adverse effect is any undesirable
effect caused by the pharmacological properties of the
medicinal product presented only when a particular
medicinal product is used at recommended dosage.
Adverse reaction is undesirable for human health and
dangerous whenever the causal relationship between
this reaction and the use of medicinal product is
absent [8, 40, 42]. Pharmacovigilance data on adverse
effects of medicinal products are important for pre-
dicting the nature of their harmful effect on pro-
duction and the development of preventive measures
[8, 22, 35]. The toxicity class and appropriate preven-
tive measures in production are determined in
accordance with the nature of adverse effects and the
values of toxicity parameters of substances [7, 36].
Thus, according to the classification proposed by The
International Academy of Compounding Pharmacists
(IACP), a substance is classified as hazardous if it:

- is pharmacologically active at a dose below
150 pg/kg of adult body weight;

- has an occupational exposure limit value of up to
10 pg/kg;

- has high selectivity to a certain receptor or is able
to inhibit the work of enzymes;

- has a carcinogenic, mutagenic effect;

- is highly toxic at or below the therapeutic dose.

Moreover, according to the IACP, a new
substance with unexplored pharmacological potential
and toxicity is considered hazardous.

The major routes of entry of hazardous substances
into the bodies of workers are the respiratory tract and
the skin. The main and most dangerous route of entry
of hazardous substances into the body is through the
respiratory system (inhalation route). The surface of
the pulmonary alveoli when stretched at an average
(i.e. calm, even breathing) is 90-100 m? the thickness
of the alveolar wall ranges from 0.001 to 0.004 mm,
and this creates the most favorable conditions in the
lungs for the penetration of gases, vapors, dust
directly into the blood [17].

The most harmful consequences of exposure to
medicinal products on the health of workers were
manifested as a result of adverse effects. Examples
are acute intoxication of the operator during
production of glibenclamide, resulting in a
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hypoglycemic coma, as well as poisoning with
barbiturates [16, 18].

The development of adverse pharmacological
effects is not the only problem associated with
exposure to pharmaceuticals. It has been observed
that penicillin and cephalosporin-class antibiotics and
enzymes have sensitizing effect when entering the
body through inhalation. Other chemical therapeutic
agents that cause such problems include cimetidine,
lisinopril, a-methyldopa and salbutamol. However, it
is not always clear in these cases whether the effect
was sensitization or the consequences of a direct
pharmacological effect caused by an action of
compounds on the respiratory tract.

A particular problem is posed by the association
of bronchoconstriction with the effect of opiates,
which have a histamine releasing effect [27]. Occu-
pational asthma can develop during the production of
medicinal products or substances such as ranitidine,
omeprazole, lisinopril, 5-chloro-1-methyl-4-nitroimi-
dazole, 2-amino-thiophenol, a number of antibiotics, as
well as under the influence of opioids — dihydro-
xycodeine, oxycodone, etc. [23]. Inhalation of peptidase
and lysozyme, which are anti-inflammatory drugs, can
cause IgE-mediated bronchoconstriction [33]. Pharma-
ceutical workers exposed to medicinal products, and
especially to antibiotics had a significantly higher
prevalence of chronic respiratory symptoms [49].

Allergic reactions in the form of contact dermatitis
have been reported in workers exposed to proton
pump inhibitors, as well as cytotoxic drugs, including
mechlorethamine, mitomycin C, carmustine, and
melphalan and chlorambucil. Acute erythema multi-
forme was caused by H2-receptor antagonists,
ranitidine, as well as an by-product used in the
production of cimetidine [24, 25, 45].

Allergic skin reactions, primarily contact derma-
titis, have been reported in workers involved in the
production of acid blockers [20, 32, 37] and azithro-
mycin powder [31].

Data on other adverse health effects in pharma-
ceutical workers have been documented, including
accelerated blood clotting; hypoglycemia due to expo-
sure to antidiabetic medicines, diuretic and anti-
hypertensive drugs; and effects associated with the
production of antihypertensive medicines [20, 23, 43].

Occupational exposure to aromatic hydrocarbons
and some medicines (sulfonamides, pyrazolone deri-
vatives, other non-steroidal anti-inflammatory drugs,
cytostatics) may affect the hemic system. It has been
established that such substances as nicotinic acid,
chloral hydrate and their combinations with other
compounds (antibiotics, vitamins, pancreatine,
lidocaine, salicylates, formaline, dibasol) have a
marked irritant action [10].
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Of particular concern are the effects of cytostatic
drugs on pharmaceutical workers, which include acute
symptoms such as nausea, vomiting, headaches and hair
loss, reproductive health problems and the risk of cancer
development, as well as kidney, central nervous system
diseases, allergic reactions leading to asthma [17].

Pharmaceutical workers involved in the pro-
duction of levomycetin and azathioprine showed a
significant decrease in the average level of reticulo-
cytes and neutrophils in the blood, which may indi-
cate the myelotoxic potential of the compounds [28].

Reproductive organ dysfunction in pharma-
ceutical workers is associated with the presence of
substances such as solvents and corticosteroids [26,
44]. When assessing the reproductive function of the
wives of 300 pharmaceutical workers exposed to
sulfonamides, a significant increase in the percentage
of abortions and stillbirths was recorded as compared
to the control group [34].

When comparing the mortality rate of 672 wor-
kers of British pharmaceutical companies working
between 1973 and 1981 with two reference groups
(the total population of England and a group of
workers), a significantly higher mortality rate was
found in the study group. Regarding cancer mortality,
a significant difference was observed in mortality
only among men and the largest number of patholo-
gies was represented by pancreatic changes [30, 38].

The effect of occupational exposure to chemical
agents of pharmaceutical production on liver function
has been studied in a group of workers aged 21 to
56 years in the area of production of antihistamines,
antibiotics, disinfectants, cortisone. At the same time,
significant deviations from the standard biochemical
parameters of liver function were found, which were
similar in all workers of the study group [46].

Analysis of the results of a comprehensive medical
examination conducted at OJSC “Organica” in 2009-
2016 revealed very specific problems in chemical and
pharmaceutical production: from 47% to 88.5% of
workers suffer from ENT disorders (rhinitis, laryngitis,
pharyngitis and their combined forms of vasomotor,
allergic, subatrophic and atrophic nature) directly
associated with the action of production and, above all,
chemical factors. Liver and biliary tract diseases are
almost 3 times as common in workers constantly
exposed to chemical production factors. Respiratory
diseases were registered in 5.7% to 13% of workers.
12% of workers were affected with dermatitis confir-
med by skin tests with solutions of substances used in
production, accelerated destruction of erythrocytes and
hemoglobin, reduced cellular immune function, which
indicates a certain tension of adaptation processes in
the body. Moreover, workers have the altered vitamin
balance and hormonal state [3, 47].
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The indicators of morbidity with temporary
disability at CJSC “Darnitsa Pharmaceutical Com-
pany” are the following: 13.9-7.9 cases per 100 wor-
kers were registered in the sixth nosological group
(nervous system disorders) in 1996-2000, and 5.5-3.6
cases in 2006-2010. There were 11.5-3.7 and 4.0-2.3
cases registered in the ninth nosological group
(circulatory diseases). The tenth nosological group
(respiratory diseases) included 53.3-31.7 and 37.0-
29.7 cases, which is the highest rate [6].

According to studies carried out by such
influential international organizations as the US Food
and Drug Administration, the European Medicines
Agency, and the Japanese Ministry of Health, Labor
and Welfare, which are responsible for scientific
evaluation, supervision and monitoring of medicines,
the impact of substances on the health of pharma-
ceutical workers is studied and covered in scientific
reports insufficiently, even though there is evidence
of increased morbidity and mortality in this popu-
lation stratum [23]. It is emphasized that introduction
of the requirements of Good Manufacturing Practices,
Good Laboratory Practice and Good Clinical Practice
should only be a part of the pharmaceuticals authori-
zation process. When authorizing pharmaceuticals,
developing criteria and methods for assessing the
harmful effects of medicines on the health of workers,
although mandatory, is not typically done in practice
[22, 23, 41]. It is noted that along with the intensive
development of the pharmaceutical industry in
European countries, there is a lack of detailed infor-
mation confirming the relationship between the levels
of pollution of working zone air and the morbidity
rate among pharmaceutical workers. This emphasizes
the importance of large-scale epidemiological studies
that could characterize the changes and, in particular, the
long-term effects of medicines on workers' health.
Therefore, currently there is an issue of determining
ways to assess occupational risks in pharmaceutical
companies, as well as the implementation of appropriate
preventive measures and production control [6, 35, 36].

CONCLUSIONS

The performance features of chemical and
pharmaceutical enterprises create the preconditions
for the release of chemical compounds into work-
space air and its impact on the workers’ health. These
chemical compounds include both raw materials used
to synthesize and purify substances as well as active
pharmaceutical ingredients of finished pharma-
ceutical products. The latter, due to their intended
purpose, have high biological potency reflected
primarily through affinity to certain receptors in the
human body, and bioavailability, and therefore it is
the active pharmaceutical ingredients that can be
considered the leading causative agent of occupational

61



TEOPETHYHA ME/[HITHHA

diseases in the industrial production of medicines. As
for the nature of pathologies, a fairly wide range of
diseases can be observed, but the most common are
respiratory disorders and allergic diseases. Despite
this, as has been noted by many authors, the issue of
occupational morbidity of chemical and pharma-
ceutical workers received insufficient attention, and
this brings the issue of occupational risk assessment
at pharmaceutical enterprises, as well as the
implementation of appropriate preventive measures
both in the world and in Ukraine up to date.
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