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boswellic acid,; Chemotherapy drug “cyclophosphamide (SP)” can trigger
cyclophosphamide; oxidative stress that causes hematotoxicity and
haemoprotector myelotoxicity, therefore an agent that can suppress the

negative effects of cyclophosphamide is needed. Boswellic
acid is an herbal medicine that has anti-oxidant and anti-
inflammatory effects. The aim of this study was to determine
the effect of boswellic acid (BA) in hematology parameter
rats induced by cyclophosphamid. Animal were allocated in
to six groups, each group consists of 5 rats, the KS: healthy
group, KSP: cyclophosphamide group; KSD: comparison
group, and BA groups (K1;K2;K3). The treatment groups
were given cyclophosphamide (SP) at dose of 150 mg/kg
body weight (BW) i.p. The BA groups (K1,K2,K3) were
given BA at dose of 250 mg/kg BW orally for 6 consecutive
days and SP on day 1 (K1), day 4 (K2), day 6 (K3). The
results showed that BA administration (K2 and K3) can help
increase/maintain the amount of hematological parameters
including hemoglobin, hematocrit, and erythrocytes.
Administrating BA for 6 days consecutively before SP (K3)
has shown best results on hematological parameters than the
others including the comparison group. These results suggest
that BA may have a potentia herbal therapeutic agents that
can mitigate cyclophosphamide-induced hematotoxicity
manifestations.

Attribution- ShareAlike 4.0 International (CC BY-SA 4.0)

Introduction

Tumor is a pathological condition of cell growth, characterized by excessive and
abnormal cell proliferation (Sinha, 2018). One of the cancer treatments is chemotherapy.
Chemotherapy drugs not only work on neoplastic cells, but also act on normal cells
causing toxicity to some organs (Xiao et al., 2019). One chemotherapy drug that is often
used is cyclophosphamide (Abdel-Razeq & Hashem, 2020).
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Cyclophosphamide is an antineoplastic drug class of alkylating agents (Patra et al.,
2012). Cyclophosphamide is immunosuppressive and cytotoxic, works to inhibit cell
replication through cross-links in deoxyribonucleic acid (DNA), induce oxidative stress,
and cause apoptosis (Cengiz et al., 2020). Side effects of cyclophosphamide cause
myelosuppression, inhibition of erythropoiesis, and cause a decrease in the number of
erythrocytes or anemia (Bryer & Henry, 2018) (Cengiz et al., 2020) (Abdel-Razeq &
Hashem, 2020).

Anemia conditions cause fatigue, decreased quality of life, tumor patients (Link,
2019). Therefore, it is necessary to prevent or suppress the side effects of
cyclophosphamide. One strategy is to administer safe chemoprotective agents, such as
herbal remedies (Xiao et al., 2019).

Boswellic acid (BA) compounds, derived from plants, are pentacyclic triterpene
molecules, have hydroxyl, acetyl, and keto-acetyl groups (Iram et al., 2017) BA
compounds are reported to have anti-oxidant, anti-inflammatory and immunomodulatory
activities (Sami et al., 2019) (Vo et al., 2019) (Chahal & Jha, 2020) (Rashan et al., 2019).
This study is an early exploratory study that aims to determine the effect of boswellic acid
administration on sprague dawley rats (Rattus novergicus) given cyclophosphamide.

Previous research aligned with the "Effect of Bosswelic Acid On Hematological
Parameters In Sprague Dawley Rats Induced By Cyclophosphamide" may encompass
investigations into various compounds or interventions aimed at mitigating hematological
toxicity induced by chemotherapy agents in animal models or human subjects. Studies in
this domain might have explored the protective effects of herbal compounds, such as
curcumin, resveratrol, or other plant extracts, against cyclophosphamide-induced
hematological toxicity in preclinical models or cancer patients. Additionally, research
investigating the potential of nutritional supplements, such as vitamin E, vitamin C, or
folic acid, to alleviate chemotherapy-induced hematological toxicity could be relevant.
Furthermore, investigations into alternative hematoprotective agents, like amifostine, and
their ability to attenuate blood cell damage and hematopoietic tissue injury caused by
cancer treatment could contribute to the broader understanding of mitigating
chemotherapy side effects. Studies examining combination therapies, such as the co-
administration of Bosswelic Acid with other hematoprotective agents or compounds, to
enhance the effectiveness of cancer treatment while reducing associated toxicity may also
offer valuable insights. Through a comprehensive review of the existing literature,
previous research can provide context and expand understanding regarding the potential
of Bosswelic Acid in protecting against cyclophosphamide-induced hematological
toxicity in experimental animals or cancer patients.

This research represents a significant breakthrough in understanding the potential
of Bosswelic Acid as a protective agent against hematological toxicity induced by
cyclophosphamide in Sprague Dawley rats. Through this exploration, researchers expand
the scope of knowledge regarding potential new therapies to mitigate the negative impacts
of cancer treatment, which often include decreased blood cell counts and disruptions in
hematopoietic function. By selecting cyclophosphamide as the inducing agent for
toxicity, this study also underscores its clinical relevance, considering it is one of the
primary choices in chemotherapy. The findings of this research not only provide valuable
insights into the potential of Bosswelic Acid as a hematological protector but also may
pave the way for the development of more effective treatment strategies focused on
patient well-being in the context of cancer care. The aim of this study was to determine
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the effect of Boswellic Acid (BA) in hematology parameter rats induced by
cyclophosphamid.

Research Methods

Time and Place of Research

This research was conducted from August to October 2022. Maintenance and
testing of experimental animals, blood analysis, and data collection were carried out at
the Saraswati Indo Genectech (SIG) Toxicity Laboratory, Jakarta.

Tools and Materials

The tools used in this study include experimental animal rearing equipment
(cages, feed bins, and drinking places), 1 mL syringes, markers, vacutainer containing
tripotassium ethylene diamine tetraacetic acid (K3EDTA), hematology analyzer. The
ingredients used in this study were boswellic acid (BA) powder, cyclophosphamide (SP)
chemotherapy drugs, commercial blood enhancer (SD) supplements, 70% alcohol,
normal saline (NS) NaCl 0.9%, aquades, ketamine 10%, xylazine 2%.

Code of Ethics

This research has been approved by the Ethics Commission of PT. Saraswati Indo
Genectech (GIS). The protocol number is 082-2022/KEH/SIG.

Research Procedure
Test Sample Preparation (Boswellic acid solution)

Boswellica extract used is produced by the company Hunan Nutramax Inc.
Boswellica extract contains 65% boswellic acid (BA) derived from Boswellia serrata L.
resin, BA as much as 250 mg mixed with 1 mL of corn oil.

Experimental Animal Treatment

The experimental animals used in this study were 30 male white sprague dawley
rats, aged 6-7 weeks with a weight ranging from 170-200 grams provided by PT.
Saraswati Indo Genectech (GIS). The rats were acclimatized for 7 days before testing.
The rats were placed indoors in a controlled environment and got a 12-hour cycle of light
and dark. Rats are facilitated with cages, bedding, feed bins, and clean drinking places.
Rats were given standard feed and drinking water ad libitum.

In Vivo Test of Hemoprotective Activity of Boswellic acid

The design of this study is a modification of the research method of Cengiz et al.
(2020). This test was conducted for 7 days. A total of 30 rats were randomly divided into
6 groups, each group consisting of 5 mice. The division of treatment groups can be seen
in Table 1.

Table 1 Design of in vivo testing of hemoprotective activity of Boswellic acid

Group Day
Treatment H1 H2 H3 H4 H5 H6 H7
KS - - - NS - - eutanasia
KSP - - - SP - - eutanasia
KSD - SD+SP - - eutanasia
K1 BA+SP BA BA BA BA BA eutanasia
K2 BA BA BA BA+SP BA BA eutanasia
K3 BA BA BA BA BA BA+SP eutanasia
Information:

Normal saline (NS) 0.5 mL ; cyclophosphamide (SP) 150 mg/kg; blood enhancer supplement
(SD) 32 mg/kg body weight; Boswellic acid (BA) 250 mg/kg body weight; Healthy control (KS);
SP control (KSP); comparator control (KSD); BA treatment group (K1; K2; K3).
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Hematology Profile Examination Using Hematology Analyzer

Blood samples that have been inserted into the K3EDTA vacutainer are then
analyzed using a hematology analyzer. Hematological data of each sample recorded
include hemoglobin (Hb) level, hematocrit value (HCT), erythrocyte count (RBC), and
erythrocyte index [(mean corpuscular volume (MCV); mean corpuscular hemoglobin
(MCH); mean corpuscular hemoglobin concentration (MCHC)].
Data Analysis

Hemogram data (Hb level, hematocrit value, erythrocyte count, erythrocyte count
and index (MCV, MCH, MCHC) were analyzed using one-way analysis of variance
(ANOVA). After that, continue with the duncan post hock test to see the differences
between treatment groups.

Results and Discussions
Results of Rat's Hematological Value

Results of hematological examination before treatment (HO) in Table 2. showed
that there was no significant difference (p>0.05) in all blood parameters between all
treatment groups (KS; KSP; KSD; K1; K2; and K3). The value of hematological
parameters is still within the range of normal values according to the standards of (Giknis
& Clifford, 2006).

Table 2 Average values of rat hematological parameters before treatment (H0)

GROUP REFERENCE*
KSP KSD K1 K2 K3

PARAMETER

Hb (g/dL) 13.84+11.99% 14.76+13.282 14.54+7.92?2 15.34+20.61% 14.72+5.45% 14.14+8.44% 14.40 - 16.00

HCT (%) 40.14+3.23% 41.72+3.53% 41.24+1.66?% 43.78+5.342% 42.06+1.532 40.48+2.152 41.20 - 47.30

RBC (105/uL) 7.212+0.79% 7.468+0.672 7.374+0.34% 8.036+0.96% 7.576+0.322 7.316+0.59% 7.77 -8.19

MCYV (fL) 55.86+2.6928 55.92+0.992 56.02+1.83% 54.56+1.512% 55.62+1.882 55.48+1.792 53.00 - 59.50

MCH (pg) 19.16+£0.8% 19.72+0.57% 19.7+1.1%  19+0.49%  19.4+0.7® 19.3+0.552% 18.30-20.00

MCHC (g/dL) 34.42+2592 353+4.7% 35.18+8.14% 34.94+6.192 34.8+4.532 35.02+7.23% 32.70-35.70

Description: different letters in the same line showed a marked difference between
treatment groups, a 95% confidence interval; *Giknis and Clifford (2006)

Hematological examination of KSP rats (Cyclophosphamide treatment group)
was carried out on day 0 (H-0) before treatment and day 7 (H-7) after treatment as an
indicator of success of cyclophosphamide (SP) induction. Hb levels, HCT values, RBC
counts, between KSP-HO and KSP-H7 differ markedly (p<0.05). The MCV, MCH, and
MCHC values between KSP-HO and KSP-H7 did not differ markedly (p>0.05).

SP induction in the KSP group caused a decrease in all hematological parameters
(Table 3), in accordance with the results of previous studies (Patra et al., 2012) (Algahtani
& Mahmoud, 2016). The results of hematological analysis after cyclophosphamide
treatment are listed in Table 4.

Table 3 Comparison of cyclophosphamide (KSP) groups on day 0 and day 7

TIME
PARAMETER KSP H-0 KSP H-7
Hb (g/dL) 147.6+13.28° 95.2+26.89 °
HCT (%) 41.724353 ¢ 27.96£7.5°
RBC (10%/uL) 7.468+0.67 ° 5.224+1.33°
MCV (fL) 55.92+0.99 * 53.52+1.43 &
MCH (pg) 19.72+0.57 @ 18.04+0.73®
MCHC (g/dL) 35.30+4.7 ¢ 33.8646.47
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Based on Table 4, Hb levels in all treated groups (H7) tended to decrease when
compared to before treatment (HO). The results of the analysis showed that Hb levels
between the K3 and KSP groups were significantly different (p<0.05). Hb levels between
KSP and K1 and K2 did not differ markedly (p>0.05). The K2 group showed higher Hb
values than K1 and KSP, while the K1 group had the lowest Hb levels. Hemoglobin in
K3 has a higher value of 47% compared to Hb levels in the KSP group. The K3 group
showed the best results in maintaining Hb levels compared to the other groups. Hb levels
in the K3 group have the highest values and are closest to the normal range. The results
of the study of Ismail et al. 2019 showed that BA administration was able to increase Hb
levels in rabbits given BA supplementation.

Table 4 Average values of hematological parameters in rats after treatment

Treatment Group Reference *
KS KSP KSD K1 K2 K3

Parameter

Hb (g/dL) 11.6416.472b 9.52+26.89 2P 12.12+4.15b¢ 8,68+17.08 2 11.78+4.555 13.96+34.77 ¢ 14 40 — 16.00

HTC (%) 33.78+4.372b 27.96+7.52° 34.9+102P 255+4.882 33.54+1.61%0 39.6+9.23° 4190 - 47.30

RBC (10%/uL) 6.264+0.68 > 5.224+1.332 6.372+0.17 " 4.958+0.88 26.322+0.46 2> 7.316+1.74° 777.8.19

MCV (fL) 54.0243.7230 5352+1432b 54.88+1.792 51.42+1.82253.22+2.03 %0 54.3+2.35%b £3 0 _ 59 50

MHC (pg) 18.44+14320 18.04+0.73%" 18.98+0.72° 17.42+0.82°18.6240.98%% 19+0.95° 1830 - 20.00

MCHC ab a ab a b b
(g/dL) 34.24+6.43 33.8616.47 28 34.68+2.59 &° 33.94+7.342 35.08%7.7 35.12+8.9 3270 - 35.70

Description: different letters on the same line showed a marked difference between
treatment groups, 95% confidence interval; * Giknis and Clifford (2006)

Hematocrit is the ratio of erythrocytes to blood volume (Giknis & Clifford, 2006).
The results of the analysis showed that the highest HCT values were found in the K3
group, followed by the KSD, K2, KSP, K1 groups (Table 4). HCT scores in the K3 group
were significantly different compared to other groups (p<0.05). HCT values in the K3
group were 42% higher than in the KSP group. According to (Ismail et al., 2019) BA was
able to increase HCT values in rabbits given BA supplementation.

Rat erythrocytes are biconcave spherical, do not have a nucleus with a diameter
ranging from 5.7-7.0 pum. Erythrocytes have the main function as transporters of
hemoglobin, carrying oxygen from the lungs to tissues (Rosidah et al., 2020). The results
of hematological parameter analysis in Table 4 showed that the number of erythrocytes
of the KSP group was not significantly different (p>0.05) compared to the K1, K2, KSD
groups, but was significantly different (p<0.05) from the K3 group. The K3 group has the
highest number of erythrocytes. The erythrocyte count of the K3 group was 40% higher
than that of the KSP group, and the erythrocyte count of the K2 group was 21% higher
than that of the KSP. Previous research mentioned that BA supplementation in rabbits
increased the number of erythrocytes.

The erythrocyte index includes MCV, MCH and MCHC values (Giknis & Clifford,
2006). The results showed that almost all MCV, MCH and MCHC values in the treatment
group were still within the normal range (Table 4). The results of erythrocyte index
analysis between all treatment groups were not significant (p>0.05). The erythrocyte
index in the K3 group showed the best results compared to other groups. The provision
of BA is able to maintain / increase the value of MCH and MCHC in accordance with the
results of Ismail et al's research in rabbits.

Discussion of the Value of Rats Hematology
Metabolism of cyclophosphamide occurs in the liver with the help of cytochrome
P450 enzymes. Cyclophosphamide (SP) has two active metabolites, namely phosphorus
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mustard (MF) and acrolein (lqubal et al., 2019). Phosphorus mustard is an anticancer
metabolite, while acrolein is a toxic metabolite.

SP metabolites are thought to cause hemolytic anemia due to impaired erythrocyte
osmolarity although not significant. Phosphorus mustard and acrolein can affect
circulating erythrocytes, triggering erythrocyte intracellular antioxidant depletion causing
a decrease in glutathione (GSH) levels and interfering with the activity of some enzymes
such as glutathione-S-transferase, catalase, glutathionie peroxidase, and glutathione
reductase, further causing oxidative stress. As a result, changes in erythrocyte
morphology and erythrocyte conformation - protein crosslinking, lipid peroxidation,
hemolysis, and culminate in cell death (Akamo et al., 2021) (Skverchinskaya et al., 2023).

SP metabolites in cells are reported to initiate the formation (reactive oxygen
species) of ROS, including H202, HOCI, 02, and OH. High levels of ROS cause
disruption of intracellular oxidant/antioxidant balance resulting in a decrease in
intracellular GSH and causing lipid peroxidation. Oxidative stress is further suspected of
triggering toxicity, causing myelotoxic causes including anemia, thrombocytopenia, and
leukopenia (Liu et al., 2014) (Raj & Gothandam, 2015) (EI-Naggar et al., 2018) (Iqubal
etal., 2019).

Cyclophosphamide triggers inflammation that is closely related to oxidative
stress. Cyclophosphamide induces the production of cytokines such as tumor necrosis
factor (TNF)-a, interleukin (IL)-6, and IL-1b triggering inflammatory processes in tissues
or organs, causing direct damage to the liver, kidneys, bone marrow cells and
hematopoietic stem cells thereby inhibiting hematopoiesis (Algahtani & Mahmoud,
2016). Further damage to hematopoietic organs results in leukopenia, thrombocytopenia
and anemia (Algahtani & Mahmoud, 2016).

The evaluation of Boswellic acid (BA) administration is divided based on the time
of administration. According to (Glassman & Muzykantov, 2019), several factors that
affect drug effectiveness include individual physiological, genetic, age, weight, drug
interactions, drug tolerance, gender, drug administration and dosage, pharmaceutical
preparations, time/interval. Drug interactions can affect drug effectiveness. Drug
interactions can occur in the process of absorption, distribution, metabolism, and
excretion of drugs. Drug interactions can be used as a treatment strategy aimed at reducing
side effects or toxicity caused by one of the drugs (Jarada et al., 2020).

Administration of BA extract in the K1 group simultaneously with SP showed the
results of a decrease in hemoglobin, hematocrit, erythrocyte parameters. The treatment
group given BA first before being given SP (K2 and K3) showed a good response in
maintaining hemoglobin levels, hematocrit count, and erythrocyte count. BA
administration for 6 days before cyclophosphamide administration (K3 group) showed
the best value including when compared to the comparison control group (KSD).

The results of this study showed that BA administration was able to increase
values on hematological parameters (Hb, HCT, and erythrocytes) in mice. The results of
this research are almost the same as the results of Ismail et al's research 2019. Research
results of (Ismail et al., 2019) showed that supplementation of Boswellia serrata resin in
rabbit feed can increase hematological values in general although it is not significant and
does not show symptoms of toxicity. The study used a BA level of 30% with a dose of
0.5; 0,75; 1.0 grams / Kg body weight as a feed supplement in rabbits

Boswellic acid has anti-oxidant and anti-inflammatory activity. Boswellic acid has
anti-oxidant activity through ROS inhibition (Majeed et al., 2021). In addition, active
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metabolites of BA can inhibit pro-inflammatory cytokines, 5-lipoxygenase, TNF-a, IL-6,
and COX-2 secretion responsible for inflammatory processes (Rashan et al., 2019).

The decrease in SP side effects on hematological parameters is thought to be related
to BA's ability as an anti-inflammatory and anti-oxidant agent. The possibility of
oxidative stress due to SP can be prevented by the active metabolite BA, either directly
or indirectly. Metabolic BA is thought to be able to prevent oxidative stress due to SP
through the prevention of ROS and inhibition of lipid peroxidase so as to prevent DNA
damage. It is suspected that the mechanism of action and interaction of BA and SP is
similar to BA and Doxorubicin. Research (Barakat et al., 2018) showed that BA was able
to prevent ROS formation, inhibit lipid peroxidase and DNA damage in mice induced
Doxorubicin. BA metabolites are also thought to be able to inhibit the inflammatory
process due to SP administration through inhibition of pro-inflammatory cytokines, TNF-
a, and or IL-6. BA's anti-inflammatory and anti-oxidant activities are thought to be able
to reduce / prevent myelotoxicity, which in turn reduces / inhibits the occurrence of
hematopenia. This research suggests BA is a potential component for the development of
hemoprotective agents.

Conclusion

The administration of boswellic acid (BA) affects the value of hematological
parameters of hemoglobin levels, hematocrit values, and erythrocyte count. In general,
BA administration for 6 days (K3) before SP administration gave the highest
hematological parameter value compared to other masked groups when compared to the
comparison group. Further studies need to be carried out on the histopathological features
of hematopoietic organs, the mechanism of action and interaction of BA in the blood and
hematopoietic organs to provide a more complete explanation of the effect of BA
administration on cyclophosphamide-induced mice.

Asian Journal of Social and Humanities, VVol. 2 No. February 5, 2024 1062



Effect of Bosswelic Acid on Hematological Parameters in Sprague Dawley Rats (Rattus
novergicus) Induced By Cyclophosphamide

References

Abdel-Razeq, H., & Hashem, H. (2020). Recent update in the pathogenesis and treatment
of chemotherapy and cancer induced anemia. Critical reviews in
oncology/hematology, 145, 102837.

Akamo, A. J., Akinloye, D. I, Ugbaja, R. N., Adeleye, O. O., Dosumu, O. A., Eteng, O.
E., Antiya, M. C., Amah, G., Ajayi, O. A., & Faseun, S. O. (2021). Naringin prevents
cyclophosphamide-induced erythrocytotoxicity in rats by abrogating oxidative
stress. Toxicology Reports, 8, 1803-1813.

Algahtani, S., & Mahmoud, A. M. (2016). Gamma-glutamylcysteine ethyl ester protects
against cyclophosphamide-induced liver injury and hematologic alterations via
upregulation of ppary and attenuation of oxidative stress, inflammation, and
apoptosis. Oxidative medicine and cellular longevity, 2016.

Barakat, B. M., Ahmed, H. I., Bahr, H. I., & Elbahaie, A. M. (2018). Protective effect of
boswellic acids against doxorubicin-induced hepatotoxicity: impact on Nrf2/HO-1
defense pathway. Oxidative medicine and cellular longevity, 2018.

Bryer, E., & Henry, D. (2018). Chemotherapy-induced anemia: etiology,
pathophysiology, and implications for contemporary practice. International Journal
of Clinical Transfusion Medicine, 21-31.

Cengiz, M., Sahinturk, V., Yildiz, S. C., Sahin, I. K., Bilici, N., Yaman, S. O., Altuner,
Y., Appak-Baskoy, S., & Ayhanci, A. (2020). Cyclophosphamide induced oxidative
stress, lipid per oxidation, apoptosis and histopathological changes in rats: Protective
role of boron. Journal of Trace Elements in Medicine and Biology, 62, 126574.

Chahal, K., & Jha, M. (2020). In-vivo study of Boswellia serrata for modulating immune
system and quenching free radicals. Adv in Zoology and Botany, 8(4), 358-368.

El-Naggar, S., Ibrahim, M., El-Tantawi, H., & Al-Sharkawi, I. (2018). Pretreatment with
the Micro-alga, Spirulina Platensis Ameliorates Cyclophosphamide-Induced
Hematological, Liver and Kidney Toxicities in Male Mice. Ain Shams Journal of
Forensic Medicine and Clinical Toxicology, 30(1), 1-7.

Giknis, M. L. A., & Clifford, C. B. (2006). Clinical laboratory parameters for Crl: CD
(SD) rats. Charles River Laboratories.

Glassman, P. M., & Muzykantov, V. R. (2019). Pharmacokinetic and pharmacodynamic
properties of drug delivery systems. Journal of Pharmacology and Experimental
Therapeutics, 370(3), 570-580.

Iqubal, A., Iqubal, M. K., Sharma, S., Ansari, M. A., Najmi, A. K., Ali, S. M., Ali, J., &
Haque, S. E. (2019). Molecular mechanism involved in cyclophosphamide-induced
cardiotoxicity: Old drug with a new vision. Life sciences, 218, 112-131.

Iram, F., Khan, S. A., & Husain, A. (2017). Phytochemistry and potential therapeutic
actions of Boswellic acids: A mini-review. Asian Pacific journal of tropical
biomedicine, 7(6), 513-523.

Ismail, I. E., Abdelnour, S. A., Shehata, S. A., Abd El-Hack, M. E., EI-Edel, M. A., Taha,
A. E., Schiavitto, M., & Tufarelli, V. (2019). Effect of dietary Boswellia serrata resin
on growth performance, blood biochemistry, and cecal microbiota of growing
rabbits. Frontiers in Veterinary Science, 6, 471.

Jarada, T. N., Rokne, J. G., & Alhajj, R. (2020). A review of computational drug
repositioning: strategies, approaches, opportunities, challenges, and directions.
Journal of cheminformatics, 12(1), 1-23.

Link, H. (2019). Hematopoietic Growth Factors in the Management of Anemia and
Febrile Neutropenia. Breast Care, 14(2), 93-98.

Asian Journal of Social and Humanities, VVol. 2 No. February 5, 2024 1063



Lingga Surya Maret Daulay, letje Wientarsih, Anita Esfandiari, Lina Noviyanti Sutardi,
Nuzul Asmilia

Liu, M., Tan, H., Zhang, X., Liu, Z., Cheng, Y., Wang, D., & Wang, F. (2014).
Hematopoietic effects and mechanisms of Fufang E’ jiao Jiang on radiotherapy and
chemotherapy-induced myelosuppressed mice. Journal of ethnopharmacology,
152(3), 575-584.

Majeed, M., Nagabhushanam, K., Lawrence, L., Nallathambi, R., Thiyagarajan, V., &
Mundkur, L. (2021). Boswellia serrata extract containing 30% 3-acetyl-11-keto-
boswellic acid attenuates inflammatory mediators and preserves extracellular matrix
in collagen-induced arthritis. Frontiers in Physiology, 12, 735247.

Patra, K., Bose, S., Sarkar, S., Rakshit, J., Jana, S., Mukherjee, A., Roy, A., Mandal, D.
P., & Bhattacharjee, S. (2012). Amelioration of cyclophosphamide induced
myelosuppression and oxidative stress by cinnamic acid. Chemico-biological
interactions, 195(3), 231-239.

Raj, S., & Gothandam, K. M. (2015). Immunomodulatory activity of methanolic extract
of Amorphophallus commutatus var. wayanadensis under normal and
cyclophosphamide induced immunosuppressive conditions in mice models. Food
and Chemical Toxicology, 81, 151-159.

Rashan, L., Hakkim, F. L., Idrees, M., Essa, M. M., Velusamy, T., Al-Baloshi, M., Al-
Balushi, B. S., Al Jabri, A., Al-Rizeiqi, M. H., & Guillemin, G. J. (2019). Boswellia
gum resin and essential oils: Potential health benefits— An evidence based review.
International Journal of Nutrition, Pharmacology, Neurological Diseases, 9(2), 53—
71.

Rosidah, I., Ningsih, S., Renggan, T. N., Agustini, K., & Efendi, J. (2020). Profil
hematologi tikus (rattus norvegicus) galur sprague-dawley jantan umur 7 dan 10
minggu. Jurnal Bioteknologi dan Biosains Indonesia, 7(1), 136-145.

Sami, M. M., Ali, E. A. |, Galhom, R. A., Youssef, A. M., & Mohammad, H. M. F.
(2019). Boswellic acids ameliorate doxorubicin-induced nephrotoxicity in mice: a
focus on antioxidant and antiapoptotic effects. Egyptian Journal of Basic and
Applied Sciences, 6(1), 10-24.

Sinha, T. (2018). Tumors: benign and malignant. Cancer Therapy & Oncology
International Journal, 10(3), 52-54.

Skverchinskaya, E., Levdarovich, N., Ivanov, A., Mindukshev, I., & Bukatin, A. (2023).
Anticancer Drugs Paclitaxel, Carboplatin, Doxorubicin, and Cyclophosphamide
Alter the Biophysical Characteristics of Red Blood Cells, In Vitro. Biology, 12(2),
230.

Vo, N. N. Q., Nomura, Y., Muranaka, T., & Fukushima, E. O. (2019). Structure—activity
relationships of pentacyclic triterpenoids as inhibitors of cyclooxygenase and
lipoxygenase enzymes. Journal of natural products, 82(12), 3311-3320.

Xiao, Q., Zhu, W., Feng, W., Lee, S. S., Leung, A. W., Shen, J., Gao, L., & Xu, C. (2019).
A review of resveratrol as a potent chemoprotective and synergistic agent in cancer
chemotherapy. Frontiers in pharmacology, 9, 1534.

Asian Journal of Social and Humanities, VVol. 2 No. February 5, 2024 1064



