Yildiz & Yilmaz (2026) The Effect of Forchlorfenuron on Some Biochemical Parameters in Rats and the Protective
Role of Propolis, ADYU J SCI, 16(1), 34-45

s University DergiPark
]oumal of Science AKADEMIK

https:/ / dergipark.org.tr/en/ /adyujsci SSN 2147-163
https:/ /dergipark.org.tr/en/ pub/adyujsci ISSN 2147-1630
e-ISSN 2146-586X

ADYU ] 5CI

The Effect of Forchlorfenuron on Some Biochemical Parameters in Rats and the

Protective Role of Propolis.

Hasan Yildiz"*, Hamit Y1lmaz?

! Hatay Mustafa Kemal University, Faculty of Arts and Sciences, Biology Department, 31060, Hatay,
Tiirkiye
yildizh@mku.edu.tr, ORCID: 0000-0001-5486-4005

2 Hatay Mustafa Kemal University, Graduate School of Natural and Applied Sciences, 31060, Hatay,
Tiirkiye
hamitylmz3 1@gmail.com, ORCID: 0000-0002-8748-433X

Received: 19.12.2025 Accepted: 12.04.2026 Published: 30.06.2026

Abstract

In this study, the biochemical effects of forchlorfenuron on rat serum and the possible
effects that may occur with the addition of propolis were evaluated. A total of thirty Wistar albino
male rats were used in six groups. Group 1 (Cont group) was fed with standard feed and water.
For Group 2 (Pr group), ethanolic extract propolis (EEP) (80 mgkg-1 bw/d) was added to drinking
water. 3rd Group (F150 Group) (150 mgkg-1 bw/d) Forchlorfenuron, 4th Group (F500 group)
(500 mgkg-1 bw/d) forklorfenuron, 5th Group (PrF150 group) (150 mgkg-1 bw/d)
forchlorfenuron + propolis (EEP) (80 mgkg-1 bw/d) was added to drinking water. Group 6
(PrF500 group) (500 mgkg-1 bw/d) forchlorfenuron + propolis (EEP) (80 mgkg-1 bw/d) was
added to drinking water and given without restriction for 30 days. At the end of the study,
biochemical analyzes (AST, ALP, ALT, Trig, Chol, Crea, LDL) were performed from blood
tissues taken from rats. According to the results obtained from our study, the application of F500
increased the AST, ALP, ALT, and Crea values. Chol values increased in both F150 and F500
dosages. Co-administration of forchlorfenuron and EEP kept ALP, ALT, Trig, and Crea values
close to the Cont group values according to the given dosage. A reduction in LDL levels was

observed with the use of propolis. According to the obtained data, the administration of EEP
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together with the administration of forchlorfenuron ensured that the liver enzymes, which were

generally elevated, were kept at a level close to the control.
Keywords: Propolis (EEP); Forchlorfenuron; Serum; Liver enzymes.

Forklorfenuron’un Si¢anlarda Baz1 Biyokimyasal Parametreler Uzerindeki Etkisi
ve Propolisin Koruyucu Rolii
Oz

Bu calismada, Forklorfenuron’un sigan serumu lzerindeki biyokimyasal etkileri ve
propolis ilavesiyle ortaya ¢ikabilecek olasi etkiler degerlendirilmistir. Alt1 grupta toplam otuz adet
Wistar albino erkek si¢an kullanilmistir. 1. Grup (Kont grubu) standart yem ve su ile beslenmistir.
2. Grup (Pr grubu) igin, igme suyuna etanol ekstrakt propolis (EEP) (80 mgkg-1 viicut
agirhigl/giin) eklenmistir. 3. Grup (F150 Grubu) (150 mgkg-1 viicut agirligi/glin) Forklorfenuron,
4. Grup (F500 grubu) (500 mgkg-1 viicut agirligi/giin) Forklorfenuron, 5. Grup (PrF150 grubu)
(150 mgkg-1 viicut agirligi/giin) Forklorfenuron + propolis (EEP) (80 mgkg-1 viicut agirligi/giin)
igme suyuna eklenmistir. Grup 6 (PrF500 grubu) (500 mgkg-1 bw/giin) forklorfenuron + propolis
(EEP) (80 mgkg-1 bw/giin) igme suyuna eklendi ve 30 giin boyunca kisitlama olmaksizin verildi.
Calismanin sonunda siganlardan alinan kan dokularinda biyokimyasal analizler (AST, ALP, ALT,
Trig, Chol, Crea, LDL) yapildi. Calismamizdan elde edilen sonuglara gore; FS00 uygulamasi
AST, ALP, ALT ve Crea degerlerini artirdi. Chol degerleri hem F150 hem de F500 dozajlarinda
artt1. Forklorfenuron ve EEP'nin birlikte uygulanmasi verilen doza gére ALP, ALT, Trig ve Crea
degerlerini Kont grubu degerlerine yakin tuttu. Propolis kullanimi ile LDL diizeylerinde azalma
gozlendi. Elde edilen verilere gore, EEP'nin forklorfenuron ile birlikte uygulanmasi, genellikle

yiiksek olan karaciger enzimlerinin kontrole yakin bir seviyede tutulmasini saglamistir.
Anahtar Kelimeler: Propolis (EEP); Forklorfenuron; Serum; Karaciger enzimleri.
1. Introduction

Forchlorfenuron is a cytokine that improves fruit size, fruit set, cluster weight and cold
storage in grape and kiwifruit (Table 1). Forchlorfenuron acts synergistically with natural auxins
to promote plant cell division and lateral growth. This plant growth regulator causes an increase
in berry or fruit size, including cultivars intolerant to gibberellic acid. In the rat, forchlorfenuron
is rapidly absorbed and metabolized, with half of the radioactivity excreted in urine and feces
within 16 hours after dosing. A two-year study showed kidney damage in rats [1].
Forchlorfenuron, a synthetic urea derivative currently used in agriculture, exhibits potent

cytokinin activity and is used worldwide as a plant fertilizer that increases fruit size [2]. There are
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no globally standardized guidelines for the use of plant growth regulators such as forchlorfenuron.
The long-term environmental risks of growth regulators have not yet been fully determined. The

use of these synthetic chemicals may threaten overall ecological security [3].

Table 1: Chemical structure, nomenclature, and catalogue number of forchlorfenuron [4]

CL N N
T
Nao 0

Common name Forchlorfenuron, CPPU
IUPAC name 1-(2-chloro-4-pyridyl)-3-phenylurea
CAS name N-(2-chloro-4-pyridinyl)N-phenylurea
CAS number 68157-60-8
Molecular weight 247.67 gmol!

Propolis is a resinous hive product collected by bees from the plants around them.
Propolis, also known as beeswax or beeswax glue, is a substance produced from beeswax and
enzyme-rich secretions from the bee salivary glands and resin collected from trees and shrubs.
Propolis has been used extensively in traditional medicine for therapeutic purposes in the past.
This beehive product contains high-nutritional-value substances and significant amounts of
polyphenols [5]. The main components of propolis are fatty acids, aliphatic and aromatic acids,
flavonoids, alcohols, terpenes, sugars, and esters. Various studies have shown that the percentages
of these components vary depending on the plant source from which propolis was collected [6].
Propolis is known to have antioxidant, anticarcinogenic [7], antimicrobial [8,9], and anti-
inflammatory effects, as well as various physiological properties [6]. Biochemical effects of
propolis and forchlorfenuron intake can be understood by examining changes in liver enzyme
levels. When it comes to liver enzymes, ALT (alanine aminotransferase), AST (aspartate
aminotransferase), and ALP (alkaline phosphatase) are the first ones that come to mind.
Cholesterol (CHOL) is a sterol that is found in esterified or free form. Increases can be seen in
diabetes, obstructive jaundice, and pregnancy; decreases can be seen in conditions such as hepatic
impairment and inadequate nutrition. Triglycerides (Trig) are fatty acid esters of glycerol and are
found in many types of fatty acid compounds. The liver is an important site in the production of
triglycerides, and the produced triglycerides are transported to fat depots in plasma. Creatinine
(CREA) is a waste product of the phosphorylation of ADP formed during the consumption of the

creatine phosphate compound, which has high energy in muscle tissue [10].
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2. Materials and Methods
2.1. Experimental Animals

The rats used in the study were provided by Hatay Mustafa Kemal University Experimental
Research Application and Research Center (HMKU-DAM), and the necessary approval was
obtained with the ethics committee (HMKU-HADYEK) document dated 31.12.2021 and
numbered 2021/07-07. In the study, 30 Wistar albino male rats were used, with 5 rats in each
group (6 Groups). The rats were fed ad libitum with standard pellet-type feed in suitable cages
under a 12-hour light-dark cycle and at an ambient temperature of 20-24 °C.

Cont group: Animals were fed with standard rat chow and water without restriction (ad /ibitum)
for 4 weeks.

Pr group: Animals were fed with standard rat chow without restriction (ad libitum) for 30 days,
and the amount of propolis (EPP) (80 mgkg™' bw/d) was calculated daily and added to their
drinking water

F150 group: Animals were fed with standard rat chow without restriction (ad /ibitum) for 30 days
and 150 mg/kg bw/d forchlorfenuron was given by adding it to their drinking water

F500 group: Animals were fed with standard rat chow without restriction (ad /ibitum) for 30 days
and 500 mg/kg bw/d forchlorfenuron was given by adding it to their drinking water.

PrF150 group: Animals were fed with standard rat chow without restriction (ad libitum) for 30
days and 150 mg/kg bw/d forchlorfenuron + propolis (80 mg/kg bw/d) was given by adding them
to their drinking water.

PrF500 group: Animals were fed with standard rat chow without restriction (ad libitum) for 30
days and 500 mg/kg bw/d forchlorfenuron + propolis (80 mg/kg bw/d) was given by adding them

to their drinking water.

Propolis material was obtained from commercial companies. The amount of propolis
required during the study period was calculated weekly. Propolis calculated weekly 70% ethanolic
propolis extracts (EEP) were prepared. The extracts were filtered by moderate shaking at room
temperature without bright light, by modifying Mani et al., 2006, Yildiz and Micoogullar1 , 2022
[11,12] and the dry matter was added to the drinking water of the animals after the alcohol was
evaporated. EEP added to the drinking water every day was shaken to ensure homogeneous

distribution.
2.2. Biochemical Analyses

AST, ALT, ALP, LDL, Trig, Crea, Chol parameters were examined from blood serum.
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Complete blood count: Complete blood count autoanalyzer (Mindray, BC-6800) was used.

AST, ALT, ALP, LDL, Trig, Crea, Chol were determined from blood. For this,
biochemistry and hormone autoanalyzers (Advia-1800 and Centaur XP) were used and measured

photometrically.
2.3. Statistical and Stereological Analysis

The Student-Newman-Keuls Multiple Comparison Statistical Analysis (ANOVA) was
used in the study (ProStat version 5.04 for Windows). The arithmetic mean and + standard

deviation of the test results were given, and p <0.05 was considered statistically significant.

3. Results and Discussion

The highest AST value was in the PrF500 group and was statistically significant compared
to all other groups. The lowest AST value was found in the F150 group. It was observed that
forchlorfenuron caused increases in AST levels at both 500 mgkg™! bw/d values (F500 and
PrF500) (Figure 1).
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Figure 1: Experimental animals AST values (p<0.05), a Different from the control group, aa Different
from the propolis group, b Different from the forklorfenuron 150 group, bb Different from the
forklorfenuron 500 group, ¢ Different from the propolis + forklorfenuron 150 group.

The highest ALP value was in the F500 group and is statistically significant compared to
all other groups. The lowest ALP value was found in the PrF150 group. Cont, Pr, F500, PrF500
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groups are statistically significant compared to the PrF 150 group (Figure 2).
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Figure 2: Experimental animals ALP values (p<0.05), a Different from the control group, aa Different
from the propolis group, b Different from the forklorfenuron 150 group, ¢ Different from the propolis +
forklorfenuron 150 group, cc Different from the propolis + forklorfenuron 500 group

The highest ALT value was in the Cont group, and the Cont, Pr, F500, PrF500 groups were
statistically significant compared to the F150 and PrF150 groups. The lowest ALT value was
detected in the PrF150 group. It was observed that forchlorfenuron caused a decrease in ALT

levels at both 150 mgkg™! bw/d values (F150 and PrF150) (Figure 3).
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Figure 3: Experimental animals ALT values (p<0.05), b Group different from Forklorfenuron 150 group,
¢ Group different from Propolis + Forklorfenuron 150 group.

The highest Trig value was in the F150 group and was statistically significant compared to
the Pr, F500, PrF150 groups and in the Cont group compared to the PrF150 group. The lowest
Trig value was determined in the PrF150 group (Figure 4).
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Figure 4: Experimental animals Trig values (p<0.05), aa Group different from Propolis group bb Group
different from Forklorfenuron 500 group, ¢ Group different from Propolis + Forklorfenuron 150 group.
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The highest Chol value was in the PrF150 group and was statistically significant compared
to all other groups and the Cont, F150, F500, PrF500 groups compared to the Pr group. The lowest

Chol value was determined in the Pr group (Figure 5).
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Figure 5: Experimental animals Chol values (p<0.05), a Different from the control group, aa Different
from the propolis group, b Different from the forklorfenuron 150 group, bb Different from the
forklorfenuron 500 group, cc Different from the propolis + forklorfenuron 500 group.

The highest Crea value was in the F500 group and was statistically significant compared to
all other groups, and PrF150 and PrF500 were statistically significant compared to the Cont, Pr,
F150 groups. The lowest Crea value was determined in the F150 group. It was observed that
forchlorfenuron caused increases in Crea levels at both 500 mgkg! bw/d values (F500 and

PrF500) and 150 mgkg™! bw/d value (PrF150) (Figure 6).
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Figure 6: Crea values of experimental animals (p<0.05), a Different group from the control group, aa
Different group from the propolis group, b Different group from the forklorfenuron 150 group, ¢ Different
group from the propolis + forklorfenuron 150 group, cc Different group from the propolis + forklorfenuron
500 group

The highest LDL value was in the Cont group and was statistically significant compared to
the Prop, F150, PrF150, PrF500 groups, and the F150 group was statistically significant compared
to the PrF150, PrF500 groups. The lowest LDL value was determined in the PrE150 group. It was
observed that forchlorfenuron caused decreases in LDL levels at both 150 mgkg™ bw/d values

(F150 and PrF150) (Figure 7).

The World Health Organization reports that 9.6 million people died of cancer in 2018, and
one in every six deaths in the world is due to cancer. Recent studies have shown that propolis,
which has been shown to prevent cancer formation or tumor growth and is promising in cancer
treatment, would be beneficial [13]. Liver enzymes such as AST and ALT levels, Trig, Chol, Crea
and LDL values can also be biological indicators of dangerous activities that may occur in the
body. AST, ALP, Trig, Chol, and Crea activities increased in the serum of rats administered
forchlorfenuron. Propolis administration to rats brought Chol activity closer to the control value.
However, the combined administration of forchlorfenuron and propolis to rats brought ALP,

ALT, Trig, and Crea activities closer to the control value, depending on the dose given.
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Figure 7: Experimental animals LDL values (p<0.05), aa Different from Propolis group, b Different from
Forklorfenuron 150 group, ¢ Different from Propolis + Forklorfenuron 150 group, ce Different from
Propolis + Forklorfenuron 500 group

In the study examining the genotoxicity and hepatotoxicity effects of aluminum (AlCls)
and propolis found in various foods and drugs on rat liver, the amount of serum marker enzymes
(AST, ALT, ALP and LDH) was found to be significantly higher in rats treated with AICl;. No
such change was observed in control rat samples, and it was stated that propolis alone did not
increase ALP, AST, ALT and LDH activities. Simultaneous use of propolis and aluminum
(AICI3) provided a significant decrease in the activities of these enzymes compared with the AICl;
group [14]. Similar to the results in our study, the combined use of forchlorfenuron and propolis

provided a decrease in ALP, and ALT activities compared to the use of forchlorfenuron alone.

Yildiz and Umit (2022) examined the biochemical and histological effects of EEP in rats
injected with azaserine carcinogen. In their study, it was observed that the use of azaserine, in
particular, reduced TAS values and shifted the antioxidant/oxidant balance in cells in favor of
oxidants, while the use of propolis increased this balance in favor of antioxidants. According to
the results of the study, it is possible to say that the use of propolis increases the presence of
intracellular antioxidants. Similarly, they stated that the fact that especially LDH levels decreased
significantly with the use of propolis is important in terms of showing that propolis has a positive
effect on body cells and therefore ethanolic extracts of propolis can work as an antioxidant agent

and therefore have positive effects on cell serum parameters.
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4. Conclusion

Our study showed that acute or routine exposure to forchlorfenuron may cause deterioration
in the biochemical parameters examined. It was also shown that the use of propolis was effective
in improving some of the deteriorated biochemical parameters by bringing them to levels close to
control. In our study, although forchlorfenuron showed significant changes in liver enzymes, it
was not possible to reach a definitive conclusion whether it was an agent that caused cell damage
on its own. The use of propolis after forchlorfenuron administration caused an improvement in
the measured liver enzymes. In this way, propolis, when given as a supplementary food, may help
improve some biochemical parameters. It is thought that more studies are needed with propolis
to investigate the benefits of application methods with minimized side effects, for example, to
reveal which of the components in propolis has more clinical benefit or to reveal the effect of
metabolism of forchlorfenuron on liver enzymes. Furthermore, the widespread and unrestricted
use of plant growth regulators such as forchlorfenuron should be considered as potentially
threatening ecological security. It would be appropriate for the Ministry of Agriculture and
Forestry to establish standards for the use of these products, and for the Ministry of Health to

monitor their potential effects.
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