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Abstract

The present study aimed to investigate the biological effect of Forssk (Achillea
fragrantissima) aqueous extract on the immune system of experimental rats.
Thirty-five adult male rats (Sprague Dawley strain) were randomly divided into
five equal groups (n=7). Group 1 was the control negative group, whereas the
other 4 groups were injected with cisplatin (3.5 mg/kg) once every 3 days for 2
consecutive weeks. Group 2 was kept as the immunotoxic control group (+ve
group). Group 3 was orally administered 1 ml/day of Forssk (Achillea
fragrantissima) aqueous extract at a concentration of 5%, while Group 4
received 1 ml/day of Forssk (Achillea fragrantissima) aqueous extract at a
concentration of 7.5%. Group 5 was orally administered 1 ml/day of Forssk
(Achillea fragrantissima) aqueous extract at a concentration of 10% for 8
weeks. Results showed that intraperitoneal injection of cisplatin in rats caused a
significant (P<0.05) reduction in body weight, spleen weight, serum
immunoglobulins (1gG, IgM, and IL-1B), total protein, albumin, globulin,
leukocytes, and neutrophils, whereas lymphocytes and monocytes significantly
increased in the positive control group compared to the negative control group.
On the other hand, oral administration of Forssk (Achillea fragrantissima)
aqueous extract attenuated these adverse effects and markedly ameliorated
biochemical and functional alterations in the spleen caused by cisplatin
injection. In conclusion, Forssk (Achillea fragrantissima) aqueous extract
stimulates the immune system of rats with cisplatin-induced suppressed
immunity. This study recommends increasing the consumption of Forssk
(Achillea fragrantissima) in the diet, as it may raise the immune response in
patients with immune disorders.
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INTRODUCTION

The immune system plays the most effective role in
preventing invasion of pathogens through immune response in order
to maintain the physiological balance. However, several factors may
affect or even destroy the immune response, and cause immune
disorder further, such as malnutrition, application chemotherapy and
stressors (Huang et al., 2016). The damaged immune system can
lead to inflammatory diseases, autoimmune diseases, and even
cancer (McComb et al., 2019). Immunotoxicity could be the result
of direct or indirect action of a chemical on the immune system,
causing a suppression or activation of the immune response.
Compromised immune response can result in suppression of host
resistance to infectious agents as well as tumor cells (Khalaf et al.,
2019).

Cisplatin (also known as cisplatinum is a platinum-
containing compound which inhibits synthesis of RNA, DNA and
protein in cells. Cisplatin is one of the most effective anticancer
drugs used for the treatment of various oncologic diseases. Despite
its effective anticancer efficacy, cisplatin exerts many undesirable
adverse effects, including +hepatotoxicity, nephrotoxicity,
spermiotoxicity, and immunotoxicity toxic effects of cisplatin are
attributed to several factors, such as peroxidation of the cell
membrane, DNA damage, mitochondrial dysfunction, inhibition of
protein synthesis, and ability to affect host immune response
(Khalaf et al., 2019).

Herbs are traditionally used in many therapeutic practices, if
not as the main, then as the accompanying therapy in combination
with medications, aimed at boosting immunity for prevention.
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Phytotherapy has repeatedly proven its effectiveness, including its
ability to cope with infectious diseases (Babich et al., 2020).

Forssk (Achillea fragrantissima ) Sch. Bip. (A
fragrantissima) is related to the Asteraceae family in Arabic called
“’Qaysoom’’. Traditionally, it is used as a medical plant in Arabian
countries for the treatment of dysfunction of the liver and kidneys,
gastrointestinal tract, as well as wound healing due to its antiseptic
properties (Eissa et al., 2018). Achillea fragrantissima is used in the
treatment of common health problems such as respiratory disease,
eye infections, smallpox, fever, diabetes, dysmenorrhea, headache,
or fatigue (Awad et al., 2017). It has antioxidant and anti-
inflammatory effects (Patocka and Navratilova., 2019). A.
fragrantissima may be useful as an alternative remedy for
prophylaxis for some fatal diseases such as COVID-19 before
infection and restore and modulate the immune response in vivo
(Alhomaid et al., 2022).

MATERIALS AND METHODS

A. Materials

1. Plants: Forssk were obtained from Agriculture Research
Center, Egypt.

2. Chemicals: Cisplatin, casein, cellulose, choline chloride, D-L
methionine, vitamin and mineral constituents were purchased
from EI-Gomhoriya Pharmaceutical Company, Cairo, Egypt.
Starch, corn oil, and sucrose were obtained from the Egyptian
local market .

3. Experimental animals: Thirty-five adult male rats (Sprague
Dawley strain), weighing about (180+10) g b.wt. were
obtained from the Laboratory Animal Colony, Helwan,

Egypt.
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B. Methods
1. Preparation Forssk (Achillea fragrantissima ) Extract:

The crude water extract was prepared by boiling 100 grams of dry
powder with 300 ml of distilled water for 10 to 15 minutes, then
sieve and then the crude extract is evaporated until a paste is
obtained and then dried. The solid crude extracts were weighed and
then 10 g were dissolved in 100 ml of distilled water according to
Chaplins'ka and Golovkin (1962).

2. Induction of Immune Diseases:

Cisplatin-induced immune deficiency diseases in rats.
Intraperitoneal injection of male albino rats with cisplatin (3.5
mg/kg) once every 3 days for consecutive 2 weeks (Wang et al.,
2013).

3. Preparation of Basal Diet:

The basal diet consisted of protein (14%), corn oil (5%),
mineral mixture (3.5%), vitamin mixture (1%), fiber (5%), sucrose
(10%), choline chloride (0.25%) and the remainder was Corn starch
up to 100%. These constituents were thoroughly mixed together and
formulated according to Reeves et al., (1993).

4. Experimental Design:

The experiment and biochemical determination were
conducted at Graduate Research Labs, Nutrition and Food Science
Dept., Faculty of Home Economics, Helwan University. Rats were
kept in standard cages at room temperature (25+3°C) with a 12 h
dark/light cycle. They were left for seven days as an adaptation
period and they were allowed to feed standard laboratory food and
water.
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After the adaptation period, rats were divided into two main
groups, as follows: -
e First group: Negative control group, rats (n=7) were fed only
on basal diet during the experimental period.
e Second group: Immunotoxic rats (n=28), after cisplatin

injection, rats were divided as follow:

Rats (served as positive control group) were fed on basal
Subgroup (1): et only

Rats were fed on basal diet and orally given 1 ml/day of
Subgroup (2): Forssk aqueous extract at concentration of 5%

Rats were fed on basal diet and orally given 1 ml/day of
Subgroup (3):  Forssk aqueous extract at concentration of 7.5%.

Rats were fed on basal diet and orally given 1 ml/day of
Subgroup (4):  Forssk aqueous extract at concentration of 10%.

5. Biological Evaluation:

Feed intake was recorded daily, and animals were weighed at
the beginning and twice a week throughout the experimental period.
Body weight gain and feed efficiency ratio were calculated at the
end of the experiment according to the method of Chapman et al.,
(1959).

6. Blood Collection and Serum Separation:

At the end of the experimental period (8 weeks), rats were
fasted overnight before scarifying and blood samples were collected
from each rat and were centrifuged at 3000 rpm for 15 min to obtain
the serum for biochemical analysis.
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7.

Biochemical Analysis:

Biochemical analyses were conducted in the National Research
Center. Collected serum were used for determination of:

Immunoglobulins (IgM and 1gG) were measured according to
Ziva and Pannall, (1984).

Concentration of total protein was determined according to
Burtis and Ashwood (1999). Albumin and globulin were
determined according to Young, (1995).

Levels of leukocytes, neutrophil, lymphocyte, monocytes,
eosinophil and basophil were estimated according to Ochei
and Kolharktar, (2008).

The plasma level of malondialdehyde (MDA) was calculated
to measure lipid peroxidation and determined according to
Draper and Hadley (1990). Glutathione peroxidase (GPx)
was measured methods by Aebi, (1984), Moin, (1986),
respectively.

Concentrations of pro-inflammatory cytokines (interleukin
(IL)-1pB, were determined using a commercial kit according to
manufacturer’s instruction.

Statistical Analysis:
All data obtained were analyzed using Statistical Package for

the Social Sciences (SPSS) for Windows, version 20 (SPSS Inc.,
Chicago, IL, USA). Collected data were presented as meanz
standard deviation (SD). Analysis of Variance (ANOVA) test were
used for determining the significances among different groups
according to (Armitage and Berry, 1987). All differences were
considering significant if P-values were (P< 0.05).
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Results and Discussion

The results in Table 1 showed that intraperitoneal injection of
cisplatin to rats caused a decrease in feed intake and a significant
(P<0.05) reduction in body weight gain (BWG%), feed efficiency
ratio (FER) and spleen relative weight % when compared to the
negative control group. Oral administration of Achillea
fragrantissima aqueous extract to rats inflicted with immune
deficiency diseases (IDD) caused increasing in feed intake and a
significant (P<0.05) increases in FER, body weight and spleen
weight as compared to the positive control group.

Lin et al., (2018) demonstrated that cisplatin administration
resulted in significantly decrease in feed intake, body weight and
feed efficiency, as found in the present study. Immunotoxicity may
parallel alterations in the weight of lymphoid organs (spleen)
(Pearse et al., 2009). Results of the present study were in the same
line with Alhejaily et al., (2023) who found that rats fed on diets
supplemented with Achillea fragrantissima extract (AFE) The
weight gains and percentage changes in weight gain were
significantly increased in G3 (AFE + ethanol), versus G2 (positive
control). Moreover, Al-Sarraf et al., (2020) reported that there was
significant increase in the spleen weight (P<0.01), in the 3 studies-
groups(peritoneal injection of Achillea fragrantissima oil extract at
10, 20 and 40 mg/kg of body-weight,(2/day for 10 days),
respectively compared with controlling-group.

Results presented in Table 2, revealed that rats inflicted with
immune deficiency diseases by cisplatin had significant (P<0.05)
reduction in serum immunogolobulin G (IgG) ,immunogolobulin M
(IgM) and IL-1B antibodies levels when compared with the negative
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control (-ve) group. Administration withAchillea fragrantissima
agueous extracton to IDD rats resulted in significant (P<0.05)
increases in serum IgG, IgM and IL-1B as compared to the positive
control group. it was also observed that rats administrated with 1 mli
with concentration 10% of Achillea fragrantissima agqueous extract
onrecorded the best results for increasing IgM, 1gG and IL-1B.

Results in Table 2 were confirmed by Nassef et al., (2018)
who reported that cisplatin injection to rats caused a significant
reduction is serum immunoglobulin (IgG, IgM). Administration of
A. fragrantissima succeeded in rising IgM titer for the first dose of
SRBC and IgG for the second dose of SRBC significantly. The
present results agree with Mathivanan and Kalaiarasi (2007) who
concluded that medicinal plants increased antibody titer against
SRBC more than virginiamycin. In the same line of the present
study, Alhomaid et al., (2022), showed that The groups that
received 500 mg/kg A. fragrantissim showed a substantial (P<0.05)
increase in total Igs.

Results illustrated in Table 3 showed that rats injected
intraperitoneally with cisplatin had significant decreases in the
serum levels of total protein, albumin and globulin when compared
with the negative control group. Oral administration of Achillea
fragrantissima aqueous extract to IDD rats significantly normalized
(P < 0.05) the levels of total protein, aloumin and globulin in the
serum. In this study, exposure of rats to cisplatin resulted in
significant decrease in total protein, globulin and albumin
concentration. These results were confirmed by Parameshappa et
al., (2012); Abd El Azeem et al., ( 2019) and Khalaf et al., (2019).
Results also, in agreement with that of Mandour et al., (2013),
showed that the plant extract of Achillea fragrantissima induced a
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significant increase in total proteins and globulins in rats , yet it did
not ex-ceed the normal reference range in all animals.

Results in Table 4 showed that positive control group had a
significant decrease (P<0.05) in leukocytes, Neutrophil and basophil
and significant increase (P<0.05) in levels of lymphocyte,
monocytes and eosinophil when compared to the negative control
group. On the other hand, rats that administrated orally different
levels of Achillea fragrantissima aqueous extracts showed a
significant(P<0.05) elevation in leukocytes, Neutrophil and basophil
and significant reduction in lymphocyte, monocytes and eosinophil
compared to the positive control group. The highest improvement
was recorded in group that treated with the high level (1 ml with
concentration 10%) of Achillea fragrantissima aqueous extract.

The present study issupported by the finding of (Aboraya et
al., 2022) and Kassem et al ., 2022) ,cisplatin induced a significant
decrease in WBCs, lymphocyte,phagocytic  killing % and an
insignificant decrease in basophil besides insignificant increase in
neutrophil, monocyte and eosinophil in rabbits.Cisplatin induced a
decrease in WBCs, lymphocytes, phagocytosis %, killing % and
increase in neutrophil may be due to damage in bone marrow by
cisplatin (Abd El Azeem et al., 2019).on the other hand,The
antioxidants of the A.fragrantissima protect the white blood cells
responsible for immunity (neutrophils and lymphocytes) from
oxidative stress, preventing their apoptosis. The beneficial effect of
A. fragrantissima on immune responses recorded in this study may
be attributed to its antioxidant properties and phytochemical
constituents (Camphor, 1,8-Cineole, Artemisia ketone, Thujone, and
Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-methylene) (Alhomaid
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et al., 2022). and in a study conducted by Al-Sarraf et al., (2020) to
assess the effect of the A. Fragrantissima plant on measuring and
evaluating the extent of the immune response.The results showed,
through analyzing results, that the extraction had apparent effects.
A. fragrantissima at a high dose succed to modulate the
immunosuppressive. This finding coincided with a recent study,
which concluded that A. fragrantissima extract has an
iImmunostimulant effect concerning humoral and cell-mediated
immunity (Alhomaid et al., 2022). Studies have repeatedly
demonstrated the anti-inflammatory and immunomodulatory
properties of A. fragrantissima extract (Hijazi et al.,2019).

Results in Table 5 showed that positive control group
had a significant decrease (P<0.05) Glutathione peroxidase (GPx)
and Superoxide dismutase enzyme (SOD), and significant increase
(P<0.05) in levels of Malondialdehyde (MDA) when compared to
the negative control group. On the other hand, rats that
administrated orally different levels of Achillea fragrantissima
aqueous extracts showed a significant(P<0.05) elevation in
Glutathione peroxidase (GPx) and Superoxide dismutase enzyme
(SOD) and significant reduction inMalondialdehyde (MDA)
compared to the positive control group. The best result has been
recorded in group that treated with the high level (1 ml with
concentration 10%) of Achillea fragrantissima aqueous extract.

In the same line of the present study, Alhomaid et al., (2022)
, showed that serum MDA exhibited significant (P<0.05)
improvement by 500 mg/kg A. fragrantissima extract
supplementations. Serum MDA did not affect by a low dose of A.
fragrantissima ((300 mg/kg). on the other hand,A. fragrantissima
extracts in both doses (300 and 500) mg/kg showed significant
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(P<0.05) elevation in SOD. The antioxidants of A. fragrantissima
seem to protect the white blood cells responsible for immunity
(neutrophils and lymphocytes) from oxidative stress, preventing
their apoptosis. The essential oil of A. fragrantissima can be used
safely as an antioxidant.

Conclusion

The findings of this study demonstrated that Forssk (Achillea
fragrantissima) aqueous extract is a promising immunomodulatory
agent with a potent therapeutic value in stimulating the suppressed
Immune response.

Table 1: The Biological Effect of Achillea fragrantissima Aqueous Extract on
Feed Intake (FI), Body Weight Gain (BWG) , Feed Efficiency Ratio (FER)
and spleen relative weight of Rats with Immune Deficiency Diseases

arameters gy FBW | FI | BWG | ... Spleen
Groups g g g/d/rat G % FER g
Control (-Ve) | 185.60+1.28a | 254.80+1.50a| 26 | 69.20:0.73a | 37.20+0.42a | 0.0476+0.00058 .91+0.014
Control (+Ve) | 186.20+1.20a |216.20+1.24d| 17 |30.0020.70e | 16.11+0.41¢ [0.0316+0.0009d]| 0.45:0.011
lm|/day -504 | 186.80+1.73a | 224.10+1.48c 19 37.40+0.50d | 20.01+0.33d |0.0354+0.0005¢| 0.63+0.009
1ml/day -7.5% | 185.80+115a |230.40+1.12b| 21 |44.600.50¢ | 24.01:+0.35¢ [0.0878:0.0008c| 0.75:0.008
]_m|/day -109% | 185.40+1.82a |235.80+1.24b 22 50.40+0.60b | 27.19+0.42b |0.0408+0.0003b| 0.82+0.005

*Mean values are expressed as means * SE.
*Mean values at the same column with the same superscript letters are not statistically
significant at P<0.05.
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Table 2: The Biological Effect of Achillea fragrantissima Aqueous Extract on

Serum Immunogolobulin G (1gG), Immunogolobulin M (IgM) and
Interleukin-1 Beta (IL-1p) of Rats with Immune Deficiency Diseases
Parameters IgM 1gG IL-113
Groups (g/L) (mg/L) pg/mL
Control (-Ve) 13.170.57a 163.20+2.51a 7.07+0.11a
Control (+Ve) 5.65+0.13d 95.380.71e 3.42+0.15¢
1ml/day -5% 6.59+0.24d 105.91+0.73d 4.69+0.08d
1Iml/day -7.5% 8.71+0.23c 122.47+1.12c 5.33+0.09¢c
1ml/day -10% 10.38+0.21b 141.99+0.91b 6.02+0.07b

*Mean values are expressed as means + SE.

*Mean values at the same column with the same superscript letters are not statistically
significant at P<0.05.

Table 3: The Biological Effect of Achillea fragrantissima Aqueous Extract on
Serum Total Protein, Albumin and Globulin of Rats with Immune Deficiency

Diseases

Parameters ) ] .
Total Protein Albumin Globulin

Groups mg/dL mg/dL mg/ dL
Control (-Ve) 6.80+0.24a 3.84+0.21a 3.33+0.9a
Control (+\/e) 3.38+0.14d 2.10+0.14d 1.52+0.10d
1ml/day -5% 4.01+060d 2.42+0.08cd 1.92+0.02¢c
1ml/day -7.5% 5.12+0.61c 2.84+0.05hc 2.51+0.10b
1ml/day -10% 5.98+0.50b 3.18+0.06b 3.05+0.06a

*Mean values are expressed as means + SE.
*Mean values at the same column with the same superscript letters are not statistically

significant at P<0.05.
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Table 4: The Biological Effect of Achillea fragrantissima Aqueous Extract
Eosinophil, and

on Leukocytes,

Neutrophil,

Lymphocyte,

Monocytes,

Basophil Count of Rats with Immune Deficiency Diseases

arameters

Leukocytes | Neutrophil | Lymphocyte | Monocytes | Eosinophil | Basophil
Groups x10%/ul x10%/ul x10%/ul x10%/ul x10%/ul x10%/ul
Control (-Ve) | 12.05+0.31a | 5.4240.22a | 1.21+0.06e | 1.55+0.06e | 0.47+0.01e |1.46+0.07a
Control (+Ve)| 5.73+0.24e | 1.96%0.11e | 5.11+0.51a | 3.45+0.05a | 0.90+0.02a |0.17+0.01e
1ml/day -5% | 6.90+0.17d | 2.75+0.08d | 4.25+0.04b | 3.00£0.02b |0.82+0.01b |0.26+0.02d
1ml/day -7.5%| 8.47+0.13c | 3.66+0.07c | 3.71+0.06c | 2.41+0.07c |0.75+0.03c |0.47+0.04c
1ml/day -10% | 9.91+0.15b | 4.76+0.09b | 2.42+0.07d | 1.90+0.06d |0.63+0.01d |0.87+0.01b

*Mean values are expressed as means + SE.
*Mean values at the same column with the same superscript letters are not statistically
significant at P<0.05.

Table 5: The Biological Effect of Achillea fragrantissima Aqueous Extract
on serum enzyme activities, Glutathione peroxidase (GPx), Superoxide
dismutase enzyme (SOD) and malondialdehyde(MDA) of Rats with

Immune Deficiency Diseases

Parameters MDA GPx SOD
Groups ng/mL U/mL U/mL
Control (-Ve) 118.78+1.52d 136.62+1.70a 2.83+0.15a

Control (+Ve) HCD 402.25+3.68a 83.32+0.41e 0.81+0.17c
1ml/day -5% 383.81+1.8% 94.76+1.35d 1.07+0.11bc
1ml/day -7.5% 332.41£1.55b 102.11+1.63¢c 1.53+0.18bc
1ml/day -10% 287.34+1.71c 121.18+1.36b 2.03+0.13ab

*Mean values are expressed as means + SE.
*Mean values at the same column with the same superscript letters are not statistically

significant at P<0.05.
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