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Methods: This study was conducted by entering questions about the field of biological nursing science

into ChatGPT versions GPT-3.5 and GPT-4 and evaluating the answers. Three questions each related to Corresponding author:
microbiology and pharmacology were entered, and the generated content was analyzed to determine Seok Hee Jeong

its applicability to the field of biological nursing science. The questions were of a level that could be College of Nursing, Jeonbuk
presented to nursing students as written test questions. National University. 567 Baekje-
Results: The answers generated in English had 100.0% accuracy in both GPT-3.5 and GPT-4. For the daero, Deokjin-gu, Jeonju 54896,
sentences generated in Korean, the accuracy rate of GPT-3.5 was 62.7%, and that of GPT-4 was Korea

100.0%. The total number of Korean sentences in GPT-3.5 was 51, while the total number of Korean Tel: +82-63-270-3117

Fax: +82-63-270-3127

sentences in GPT-4 was 68. Likewise, the total number of English sentences in GPT-3.5 was 70, while
E-mail: awesomeprof@jbnu.ac.kr

the total number of English sentences in GPT-4 was 75. This showed that even for the same Korean or
English question, GPT-4 tended to be more detailed than GPT-3.5.

Conclusion: This study confirmed the advantages of ChatGPT as a tool to improve understanding of
various complex concepts in the field of biological nursing science. However, as the answers were
based on data collected up to 2021, a guideline reflecting the most up-to-date information is needed.
Further research is needed to develop a reliable and valid scale to evaluate ChatGPT's responses.
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Table 1. Characteristics of GPT-3.5 and GPT-4
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1. GPT-3.62 GPT-42| EA

GPT-3.59} GPT-49] £4& H|wet Z3= Table 13} AT,
GPT-3.59] A9 2022 11¢¥ 30¥0]1, GPT-49] AL
20239 39¥ 1490|tt. GPT-3.5% F&& AR & QAT
GPT-42 g 29l 20 28 AMERE A E3foF AT 5= it}
GPT-3.5¢} GPT-4= 5 7] }{Ad 2% 20219 99719 ARS
vlegto & Fit} 18U 45 TB 37]9] QIE|Yl HIAE Hlolg &k
F& A'd GPT-3.59 H]3] GPT-4+= 500 TB I3l GAE do]
H 852 3 &= Ik GPT-3.5% 1,750 719] wi7iH<E k55t
=8, GPT-4= 12709] Wi7HRE Shadtet. HAE-OHY &
' (text-only mode)?l GPT-3.5°14 GPT-4+= EFFT =
2’ (multimodal model)Z AT = 2R}, 48], o|u]x], FAF
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GPT-3.5& HZ|Y 37 5 vl AQl &ofofl thet JR71A] A
_:_*1401,]- GPT-4% _ﬂ_aﬁo]x] E—o]— 11 oﬂ 1:}0}1— H] o]
82.0%7HA] &%}, WEF= 8,000712] o1FoflA] 64,00070<] o]
FE 7199 5= A =HYlom F&2 JojE AMESHE GPT-3.591

Item GPT-3.5 GPT-4

Release date 2022.11.30 2023.03. 14

Costs Free $20/month

Training data 45 TB of text from the web 500 TB of text from the web

Training data period September 2021 September 2021

Number of parameters 175 billion parameters 1 trillion parameters

Model Text-only model Multimodal model

Reliability of answers Provide knowledge about unethical areas such as crime,  Reduced the rate of answering unethical and dehumaniz-
hacking, etc. ing questions by 82%

Memory 8,000 words 64,000 words

Multilingual Capabilities

Input Only text

Token limit 4,096 (equivalent to 3,072 words)

English proficiency was already strong at 70.1%

Improved multilingual capabilities

It can work with 25 languages other than English.
Accepts visual input

32,768 (equivalent to 24,576 words)

GPT = Generative Pre-trained Transformer.
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Table 2. Accuracy of Answers to Questions
Version GPT-3.5 GPT-4
Language Korean English Korean English
Total  Correct Total Correct Total  Correct Total  Correct
Questi Accuracy Accuracy Accuracy Accuracy
uestion sentences sentences (%) sentences sentences (%) sentences sentences (%) sentences sentences (%)
(n) (n) (n) (n) (n) (n) (n) (n)
1 15 0 0.0 21 21 100.0 29 29 100.0 29 29 100.0
2 4 4 100.0 5 5 100.0 5 5 100.0 5 5 100.0
3 7 7 100.0 9 9 100.0 2 100.0 9 9 100.0
4 1 10 90.9 12 12 100.0 13 13 100.0 13 13 100.0
5 8 6 75.0 12 12 100.0 12 12 100.0 12 12 100.0
6 6 5 83.3 1 1 100.0 7 7 100.0 7 7 100.0
Total 51 32 62.7 70 70 100.0 68 68 100.0 75 75 100.0
GPT = Generative Pre-trained Transformer.
120 A
100 100 100

100 +

80 -

60 -

40 4

20 A

0
Total sentences (n) Correct sentences (n) Accuracy (%) Total sentences (n) Correct sentences (n) Accuracy (%)
KOREAN ENGLISH

M GPT-3.5

M GPT-4

Figure 1. Accuracy of GPT-3.5 and GPT-4. GPT = Generative Pre-trained Transformer.
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EZ 1. Questions and Answers by ChatGPT (GPT-3.5 vs GPT-4)
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(ZZE E3) Please explain the gram staining
method on one A4 page.
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(Y2 ) The Gram staining method is a dif-
ferential staining technique used to differenti-
ate bacterial species into two groups,
Gram-positive and Gram-negative, based on
the differences in the cell wall structure. This
technique was developed by Danish bacteriol-
ogist Hans Christian Gram in 1884. Here is an
explanation of the Gram staining method on
one A4 page.

Materials:
Microscope
Bacterial culture
Crystal violet
Gram's iodine
Ethanol or alcohol
Safranin

Procedure:

Prepare a bacterial smear by placing a drop of
water on a clean glass slide, then using a ster-
ile loop to transfer a small amount of bacterial
culture onto the slide. Spread the bacteria
evenly over the slide, and let it air dry. Fix the
bacteria to the slide by passing it over a flame
2-3 times, or by using a gentle heat source
such as a slide warmer. Flood the slide with
crystal violet and let it sit for 1 minute. This
will stain all bacterial cells. Rinse the slide with
water, then flood it with Gram's iodine and let
it sit for 1 minute. This will form a complex
between the crystal violet and iodine, which
makes the cells more resistant to decoloriza-
tion. Rinse the slide with water, then decolor-
ize the cells with ethanol or alcohol for 10-30
seconds. This will selectively remove the crystal
violet-iodine complex from Gram-negative
cells, but not from Gram-positive cells.

Rinse the slide with water, then counterstain
the cells with safranin for 1 minute. This will
stain Gram-negative cells red, while
Gram-positive cells will remain purple.

Rinse the slide with water, blot dry, and examine
under the microscope at 1000x magnification.
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Interpretation:

Gram-positive bacteria appear purple because
they retain the crystal violet-iodine complex in
their thick peptidoglycan cell walls. Gram-neg-
ative bacteria appear red because they do not
retain the crystal violet-iodine complex due to
their thin peptidoglycan cell walls and outer
membrane. Gram-variable bacteria may appear
as a mix of purple and red cells due to differ-
ences in their cell wall thickness or composi-
tion. In conclusion, the Gram staining method
is a widely used technique in microbiology to
quickly identify bacterial species based on their
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(Fz HE) 1A LHof tial A4 B HOIX] | (FE EE) Please explain the gram staining  [(Z= = iA) 12 S WS A4 8X| ot F
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The Gram staining method is a widely used
bacterial classification technique in microbiol-
ogy. It was developed in 1884 by Danish scien-
tist Hans Christian Gram (1843-1938). Gram
staining allows for the differentiation of bac-
teria into Gram-positive and Gram-negative
groups, which helps in understanding import-
ant characteristics such as bacterial structure
and susceptibility to antibiotics.

The Gram staining method involves the follow-
ing steps:

Sample preparation: Spread the bacteria uni-
formly on a clean slide and apply heat to fix it
in place.

Crystal violet staining: Add crystal violet dye to
the slide, allowing it to stain the bacterial cell
walls. Allow it to sit for about 1 minute before
rinsing with water.

lodine treatment: Add Gram's iodine solution
to the slide, causing the crystal violet to bind
with the iodine and form large complexes.
These complexes further stain the cell walls.
Allow it to sit for about 1 minute before rins-
ing with water.

Decolorization with alcohol or acetone: Add
alcohol or acetone to the slide to remove the
dye based on the cell wall structure. The cell
walls of Gram-negative bacteria, being thinner
and composed of various lipids, lose the dye
during this process.
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Counterstaining: Add safranin dye to the slide
to replace the lost dye and stain the
Gram-negative bacteria red. Allow it to sit for
1-2 minutes before rinsing with water.

Observation and interpretation: Observe the
stained bacteria under a light microscope and
interpret the results. Gram-positive bacteria
appear purple, while Gram-negative bacteria
appear red. This color difference is due to the
differences in cell wall structure, which allows
for the distinction between the two groups.

The Gram staining method offers several ad-
vantages. It allows for a rapid and simple dif-
ferentiation of bacteria and can be carried out
with relatively inexpensive experimental mate-
rials. Moreover, the distinction between
Gram-positive and Gram-negative bacteria al-
lows for inferences about basic biological
characteristics and antibiotic susceptibility.

However, there are some limitations to Gram
staining. Not all bacteria can be classified as
Gram-positive or Gram-negative, and some
bacteria are difficult or impossible to stain. For
example, bacteria like Mycobacterium have
cell walls containing mycolic acid, a wax-like
substance, making them difficult to distinguish
with standard Gram staining. In such cases,
specialized staining techniques are required.

Additionally, the Gram staining method only
classifies bacteria into two categories and does
not provide information on specific bacterial
species. Therefore, while Gram staining is use-
ful for initial classification, additional experi-
ments and tests are required for more accurate
identification.

In summary, the Gram staining method is a
microbiological technique that classifies bac-
teria into Gram-positive and Gram-negative
groups. It is a quick and simple method that
helps in understanding important bacterial
characteristics. However, for some bacteria,
staining may be difficult or impossible, and ad-
ditional experiments and tests are needed for
more accurate identification.
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including bacteria, viruses, and fungi. Auto-
claving is a reliable and efficient method of
sterilization, and it is widely used due to its ef-
fectiveness and convenience.
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¥ SOl 22| A2EE A= LUt ization method in hospitals, laboratories, and | XS A I0IA 22| A8 &= B YHYLCH

pharmaceutical industries.

= | This method involves the generation of steam |0l &
B S9| D E= Hwot= | under high temperature and pressure condi- | 44
ol AFSEUC. tions to kill microorganisms such as bacteria, | S 4
viruses, and spores.

RN

YBIO2 121°COIM 15psi YHS 15-302 | Typically, a temperature of 121°C at 15psi LUHOZ 15psi YHUM 121°CO 2EE

S MEol0f Rl Old=s HELICE 11 | pressure is applied for 15-30 minutes to steril- | 15-30= 3¢ H&st0] IE=22 O =S

Y&/ B2 W21 FHOZ DI== &7 | ize most microorganisms. Autoclaving is fast | &fLCH QESH0[U2 H=1 SIHO = 0|
. S AEYOZM TUS =& | and effective at killing microorganisms, and its | 25 =0/ 2=t s XH = 0 T

HHIE B £ U= FHO| ASH. adjustable temperature and pressure settings | 2 M=zt HHIE &ztel  ASLICH

allow for the sterilization of various materials

and equipment.

2Lt Foj| 2ifet SHO0|L EtAEM 22 X | However, heat-sensitive materials or items J2iLt ol Pt =L StAEN 22 M2
2= 1UB7|B0| MoK ¥2 = ASUCL | made from materials like plastic may notbe | 2 ZtE 252 2EZ20/|20] MEotX| %=
suitable for autoclaving. UL
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(2 E2) MZ0H7Hd HAo|l Cich 200K=2 4 | (P2 Z2) Please explain cell-mediated im- | (Z2 =& oiiAl) MZE07H HA0i| CisH 200t O
Folll, =S A, munity in 200 words and provide references. | L2 %ol HIE5IS HAlH FHUAIL.
(I gH) MZO7i Y HA2 MES0| ZFXNC | (FE EH) Cell-mediated immunity is a type | (T2 S oA MZOZHHAS TR, Koty
£ RS Aot 3Hok= HAEESE Q0 | of immune response that involves the direct | SHAIZE S THAMZEIF ZSMIZELE HIF LM 220
LT MIZOf7HS T2 T MIZE XARSHAIZE | action of immune cells, such as T cells and AT 2g3l= HIUIS 9 UB0IL} 0]2st {1
(NK) S0| M=l HAets BiLICE T MZe= & | natural killer cells, against infected or abnor- | 2] B BIS2 HI0[2{A I UL BIH|2|0tRt 2
O] 2FMIZE BH| BEAZl= A5 AXIGHL OIZ | mal cells. This type of immune response is cru- |2 AIE W SEMZEEH NS Y0{si2 M
Dp|ok=0 UL, E8F, T ME= B ME7L | cial for defending the body against intracellu- | S BfAlotd Tidlsh= O SQEHLICEH

SHE Aot ENE ddots HEHME S
25t Askg SHLICH NK MZ= H|IS0[Xo= H
SHE NEZE THsHD S23 HEts Ut

HEO7HY Boj2 2 Hio|2iAt 22 A
=HF Do T3t Yojo| S %S B
Ch. S8t QAIZS} 262 BISE NEE Q14/5t0]
ISIO2 §et XIR0E 0| ELIC,

I LY
S|

lar pathogens, such as viruses and some bacte-
ria, as well as for detecting and destroying
cancer cells.

T cells play a central role in cell-mediated im-
munity. There are two main types of T cells:
CD4+ T cells, also known as helper T cells, and
CD8+ T cells, also known as cytotoxic T cells.
CD4+ T cells help to coordinate the immune
response by releasing cytokines that activate
other immune cells, while CD8+ T cells directly
kill infected or abnormal cells. Natural killer
(NK) cells are another type of immune cell in-
volved in cell-mediated immunity. They can
recognize and destroy virus-infected and can-
cerous cells without prior exposure to the spe-
cific antigen. NK cells work by recognizing and
binding to cell surface molecules on infected
or abnormal cells, which leads to the release of
cytotoxic granules that induce cell death.

Overall, cell-mediated immunity is essential for
protecting the body against intracellular
pathogens and cancer cells, and plays an im-
portant role in maintaining overall health.

THE= M2 0j78 HAOIM SR Jets
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Janeway CA Jr, Travers P, Walport M, et al. Im-
munobiology: The Immune System in Health
and Disease. 5th edition. New York: Garland
Science; 2001. Section 3.3.

Abbas AK, Lichtman AH, Pillai S. Cellular and
Molecular Immunology. 9th edition. Philadel-
phia: Elsevier; 2018. Chapter 9.
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(FE IR) MEOH7HA HAO| o 200K 12 4 | (Z2 E2) Please explain cell-mediated im- | (2 Z& 8HA]) MILOH7H H0) ChaH 200t Of
Folll, =S A, munity in 200 words and provide references. | L2 %ol HIE5IE HAlsH FHUAIL.
(=2 ) THIZE SHCZ |(FE HHH) Cell-mediated immunity is an im- | (Z2 B o) MI 078 HAY2 F2 T M|ZE

MIZZOf7RY HE2
St HAUES O, HIO|ZAZ MIE, QM|
EL Ol&fst MILE QIAIGHD FAHBILICE Al
TOR7HN HHL =2 CD8+ Cytotoxic THIELL
CD4+ Th1 MZE ZLStolH, OS2 s B
Algts MIZLE DHjst S S 2H[H T2 HY
MEE SHStAZLICH

mune response that primarily involves T cells
and focuses on the recognition and elimination
of virus-infected cells, cancer cells, and other
aberrant cells. Unlike humoral immunity, which
targets extracellular pathogens through anti-
bodies, cell-mediated immunity directly targets
and destroys affected cells.

Cell-mediated immunity involves various T cell
subsets, such as CD8+ cytotoxic T cells, CD4+ T
helper 1 (Th1) cells, and regulatory T cells.
CD8+ cytotoxic T cells recognize and destroy
cells presenting foreign antigens on their sur-
face via major histocompatibility complex
(MHC) class | molecules. They induce apoptosis
in the target cells, effectively eliminating in-
fected or abnormal cells. CD4+ Th1 cells pri-
marily secrete cytokines such as interfer-
on-gamma (IFN-7) and interleukin-2 (IL-2) to
stimulate macrophages and CD8+ cytotoxic T
cells. Regulatory T cells play a crucial role in
controlling immune responses to prevent ex-
cessive tissue damage and autoimmunity.

Overall, cell-mediated immunity is essential for
fighting intracellular pathogens, tumor cells,
and maintaining immune system homeostasis.
However, it is only one aspect of the immune
response, and the humoral and innate immune
responses also play critical roles in maintaining
health.
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X|E 7|7t SOF A7 | &0 SHHZAAI} 2t Ho|o|
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S22 24 X2/t H2E 4 AsU.

(F2 =) Z8lio| X|20| tholl A4 2t HO|X| | (P2 Z2) Please explain the medicine for tu- | (2 EE diA) AAEX| B0 Zaotol| Chaf
= g35HH. berculosis in half an A4 page. HHSNFMR

(=2 gt) Zsi(TB)2 X|=20fl= ChYst 2 *%OI (Y2 EH) Tuberculosis (TB) is treated with a | (Z& EH oliAd) Z3H(TB)2 MK &2
AFEELL YUMo = TB= MM ZSXIZE | combination of antibiotics. The most common | XIZ&LIL. 23 X 20| A== 74 LEHY
Salf x|z UL o2t X|2= 2Yg o O5’|" olotEe

drugs used to treat TB are isoniazid, rifampin,
ethambutol, and pyrazinamide. These drugs
work by killing the bacteria that cause TB or by
stopping them from multiplying. TB treatment
usually lasts at least six months and some-
times longer. This is because the drugs must be
taken for a long time to completely kill all the
bacteria.

During treatment, patients are monitored with
regular blood tests and imaging studies to
evaluate their response to therapy. If necessary,
their treatment regimen may be adjusted. It is
important to complete the full course of treat-
ment to avoid developing drug-resistant TB.

isoniazid, rifampin, ethambutol 2!
pyrazinamide &IL|C}.
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World Health Organization. (2021). Treatment
of tuberculosis: guidelines for treatment of
drug-susceptible tuberculosis and patient care.
Zumla, A, et al. (2013). Tuberculosis. New En-
gland Journal of Medicine, 368(8), 745-755.

TB Xz =2 HZet 2AES U2 4= U2 | TB medications can cause side effects such as | 242 HANZ, &, 7F Z2H2t €2 B2&E
D= 9ALS] X0 T2t AFZaHOF B B | nausea, vomiting, and liver problems. Patients | 2 ¥2Z 4= UASLILE SAt= Q= HMSA] K|
AZ9| FAZ0| LlotH ZA| QAL &HoH0F | must follow their healthcare provider's instruc- | AIS HE0| 20 2225 E1T6H0f LT
g tions closely and report any adverse reactions. | A7t SEEHE =X|7L o2 =82 X701 S
If a patient misses doses or stops taking the | ot Xz HIf I oFF L ZH0| Ldligt 4
medication early, it can lead to treatment fail- | A&LIC
ure and the development of drug-resistant TB.
In conclusion, TB is a treatable disease with ef- | 22X = AsHR2 SIINQI &K Z X|= 7t5
fective antibiotics. However, successful treat- | 8f Z2ELICH J2{Lt S X0 X2 E flohM=
ment requires careful monitoring and adher- | 2S¢t BLE 0 9FF 9| MA| MY 471 HQ
ence to the full course of medication. Lt
HOEE: References: References:

World Health Organization. (2021). Treatment
of tuberculosis: guidelines for treatment of
drug-susceptible tuberculosis and patient care.

Zumla, A, et al. (2013). Tuberculosis. New En-
gland Journal of Medicine, 368(8), 745-755.

World Health Organization. (2021). Treatment
of tuberculosis: guidelines for treatment of
drug-susceptible tuberculosis and patient care.
Zumla, A, et al. (2013). Tuberculosis. New En-
gland Journal of Medicine, 368(8), 745-755.

https://doi.org/10.7586/jkbns.23.0013

199


https://doi.org/10.7586/jkbns.23.0013

JKBNS

21M0], ZUXIE 9|« ChatGPTE| 7|715308 B8 THs4 17}
GPT-4

(FE HE) 23| X|Z40f CHal| A4 BF HOIX| | (YZ ZE) Please explain the medicine for tu- | (FE B oiA) A4ZX| BFE0| Z342f0]| CisH
= JE5HH. berculosis in half an A4 page. HHNFML
(F2 ) 28 X2 29F (A4 B H|0|X|) (Y2 ) Tuberculosis Medication Summary | (Z& B oiA) Zaio = A4 1/2H0]

(Half A4 page) )]
232 Mycobacterium tuberculosis2h= Mlat | Tuberculosis is an infectious disease caused by | 232 Zaw(Mycobacterium tuberculosis)
Ofl 2loff wHot= MP HetULICt 0] 22 | the bacterium Mycobacterium tuberculosis. | Ofl /o Z4ck= MHEYLICE 0] HEH2 M M|
T MANMCZ 2 MHSUHA S 0IXIH, | This disease affects people worldwide, posing a | Al AFS0A G2t DIX|H HHHO| 2t 712
E0| HHHO| 2ot ARSI RIRIRIULE. 23t | particular risk to immunocompromised individ- | Ol £51 fIglRfLLh. E& SH25 Q0] X|=
X20l= BE YZH Q0| AZE0, 0l 28 | uals. Standard anti-tuberculosis therapy is Ol AL =T 037]0l= Of2] Sbelim|el Z2ef0] 22t
2 O SHUHE 2ot ARSefLct. used for treatment, which involves a combina- | ELIC}.

tion of several antibiotics.
O|ALIOFXIZ (INH): O|ALOIXIE= Z38 X|& | Isoniazid (INH): Isoniazid is one of the most O|ALJOFXIE(INH): O|ALIOXIEE= Z3l X|=0|
Ol 7He YEHO 2 AR = S4H & oHARIL | commonly used antibiotics in tuberculosis 71 YUMo 2 MER= Sl S 3f FRJLICt
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synthesis, blocking bacterial growth.

Rifampicin (RIF): Rifampicin is a crucial com-
ponent of tuberculosis treatment, inhibiting
bacterial RNA synthesis and thereby disrupting
bacterial survival.

Pyrazinamide (PZA): This drug is primarily used
during the initial phase of tuberculosis treat-
ment and interferes with bacterial energy me-
tabolism, inhibiting bacterial growth.

Ethambutol (EMB): Ethambutol functions by
blocking bacterial cell wall synthesis, thereby
inhibiting bacterial growth.

Standard anti-tuberculosis therapy typically in-
volves the combined use of isoniazid, rifampi-
cin, pyrazinamide, and ethambutol for an initial
2-month period, followed by an additional 4
months of treatment with just isoniazid and ri-
fampicin, totaling 6 months. This treatment ap- | =
proach minimizes the emergence of antibiotic
resistance and enhances treatment effective-
ness by using multiple antibiotics.

However, anti-tuberculosis treatment requires
long-term drug administration and may cause
side effects. Consequently, monitoring patient
adherence and treatment efficacy is crucial.
Currently, research is underway to develop new
drugs and improve diagnostic techniques for
tuberculosis, in addition to existing anti-tuber-
culosis treatments.
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Ofl Chol Ao mechanisms of action of NSAIDs g 7|xes 4=t
(22 =) NSAIDs(Non-Steroidal Anti- (Z=2 EHH) NSAIDs (Non-Steroidal Anti-In- | (Z= &' 3ti4]) NSAID(Non-Steroidal Anti-
Inflammatory Drugs)= @5, €5 % @Z4 | flammatory Drugs) are a class of medications | Inflammatory Drugs)= €&, 85 ¥ 2¥S
£ Sl MEH= YEY A= YL 015 & | used for reducing inflammation, pain, and fe- | £0I= Ol Al85E= s SFYUULE 7HE O'F'_r
=22 —’F—E 0/‘/(1/50/‘5/_‘:{1/, OfATE, OJZ2 | ver. The most commonly used NSAIDs include | M2 AE%= NSAIDO|= OFALR, 0|22
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aspirin, ibuprofen, and naproxen.

NSAIDs work by inhibiting the production of
prostaglandins, which are chemicals that play
a key role in inflammation and pain. Prosta-
glandins are produced by an enzyme called cy-
clooxygenase (COX), and NSAIDs block the ac-
tion of this enzyme, reducing the production of
prostaglandins.

There are two types of COX enzymes: COX-1
and COX-2. COX-1 is present in many tissues
throughout the body and plays a role in main-
taining normal cellular processes, such as pro-
tecting the stomach lining and regulating
blood clotting. COX-2, on the other hand, is
produced in response to injury and inflamma-
tion and is responsible for the production of
prostaglandins that cause pain and inflamma-
tion.

Different NSAIDs have varying degrees of se-
lectivity for COX-1 and COX-2 inhibition. For
example, aspirin irreversibly inhibits both COX-
1 and COX-2, while ibuprofen and naproxen
are non-selective inhibitors that inhibit both
enzymes reversibly. Some newer NSAIDs, such
as celecoxib, selectively inhibit COX-2 without
affecting COX-1, which may reduce the risk of
gastrointestinal side effects.

In addition to their effects on prostaglandins,
NSAIDs can also have other effects on the
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body. For example, aspirin can inhibit platelet Oféﬂla.lﬁ %1 ’.I_f SHS AHlot] ™ I
aggregation, reducing the risk of blood clots, |&¥ = U1, O|FTZ2HI} LHIEHE= M9}
while ibuprofen and naproxen can affect the | 242 7|001| et F0 YN E et
function of red blood cells and platelets, po- | 2&te] g2 Y £ UAGUC
tentially reducing the risk of cardiovascular
disease.
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cause they do not belong to the steroid family | 5= &2lotl S HEHE X|=ok= O ALBEY
CHEHQ! NSAIDs 22 2= OtALIY, 0| Z2 | of drugs. NSAIDs are commonly used for man- | b 25 HHXQI NSAIDO= OfALIE, O|R12
H, HEEM, AEZ2H 50| ASLCH aging everyday pain and treating inflammatory | 28|, L= 2 AEZ2HO0| ZetFLC.

conditions. Some typical NSAIDs include aspi-

rin, ibuprofen, naproxen, and ketoprofen.
NSAIDs?| =2 X&7|H2 HEE, Tls The primary mechanism of action of NSAIDs | NSAIDS| £ =g H7LS2 HE, &

involves the inhibition of the key enzyme re-
sponsible for causing inflammation, pain, and
fever: COX (Cyclooxygenase). COX exists in two
main forms, COX-1 and COX-2. These enzymes
are involved in the production of pro-inflam-
matory mediators called prostaglandins within
cells. Prostaglandins influence inflammation,
pain, fever, and platelet aggregation.

By inhibiting both COX-1 and COX-2, NSAIDs
reduce the production of prostaglandins,
thereby alleviating inflammation, pain, and fe-
ver. However, the inhibition of COX-1 can im-
pact gastrointestinal safety and lead to gastro-
intestinal issues, one of the side effects associ-
ated with NSAID use.

Consequently, some NSAIDs have been devel-
oped to specifically target COX-2 inhibition,
aiming to improve gastrointestinal safety.

However, these COX-2 selective inhibitors are
also associated with cardiovascular side ef-
fects. Therefore, caution and appropriate pre-
scription are required when using NSAIDs.
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EZQI OIX|QHEIM MetE A ANMZ= B
2/Z(Ramipril), O|LtZEZ(Enalapril), 71 ZEX
Z/(Captopril), BHJT 22 (Lisinopril) S0| Y&
L|Ct.
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(FZ ) AX LN TetSA AMH= 0™ | (PR EH) Angiotensin converting enzyme in- | (Z2 EH oilA]) CEX|QEIA 2t S4 AR
o, M, A2 EM 52 HetS X|=ok=0| At | hibitors (ACE inhibitors) are a class of drugs (ACE QXM= D&Y, MEH 3 7|EF M
5= ASYUL 0] ASS2 AXLEIM T2 | commonly used to treat hypertension, heart | 2&S X|=oh= O YO Z MBEH= A= &
EA(ACE)S AHSIH S =-AZI2 EY | failure, and other cardiovascular conditions. | FYULH IS2 S22 CX|QEIM [19] HES
2 JF= FUE YU They work by inhibiting the activity of the en- | EE5ot= &4 QX|QEIM Fet SA(ACE)Q &

zyme angiotensin converting enzyme (ACE),
which is responsible for the production of the
hormone angiotensin II. There are several types
of ACE inhibitors, including:

Captopril: the first ACE inhibitor developed, it
has a short half-life and is usually adminis-
tered three times a day.

Enalapril: a prodrug that is converted to the
active compound enalaprilat in the liver, it has
a longer half-life than captopril and is usually
given once a day.

Lisinopril: a long-acting ACE inhibitor that is
administered once a day, it is commonly used
for the treatment of hypertension and heart
failure.

Ramipril: a prodrug that is converted to the
active compound ramiprilat in the liver, it has a
longer half-life than enalapril and is also given
once a day.

The mechanism of action of ACE inhibitors in-
volves blocking the activity of ACE, which is
responsible for the conversion of angiotensin |
to angiotensin Il. Angiotensin Il is a potent va-
soconstrictor that increases blood pressure and
also stimulates the release of aldosterone,
which increases sodium and water retention.
By inhibiting the production of angiotensin I,
ACE inhibitors cause vasodilation and decrease
blood pressure, as well as decreasing sodium
and water retention.

ACE inhibitors also have other beneficial ef-
fects, including reducing the remodeling of the
heart in heart failure and reducing proteinuria
in diabetic nephropathy.
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by reducing vascular tension and improving
blood circulation, lowering blood pressure, and
reducing the strain on the heart. Some com-
mon ACE inhibitors include captopril, enalapril,
lisinopril, and benazepril.

The mechanism of action of ACE inhibitors in-
volves inhibiting an enzyme called angioten-
sin-converting enzyme, which blocks the con-
version of angiotensin | to angiotensin Il. An-
giotensin Il is a potent vasoconstrictor com-
pound that contributes to high blood pressure
and increased strain on the heart.
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