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ABSTRACT

Objective: The use of trastuzumab (7ZM) in the clinical management of human epidermal growth factor receptor 2 positive metastatic breast and
gastric cancers, gastro-esophageal adenocarcinoma, and colorectal carcinoma has been limited by its off-target cardiac, hepatic, and renal toxicities
which till date have no effective therapies in either their prevention or amelioration. Thus, the present study is designed at investigating the protective
and therapeutic potentials of 400 mg/kg/day Clerodendrum volubile ethanol leaf extract (CVE) and Irvingia gabonensis ethanol seed extract (IGE)
pretreatments in TZM-intoxicated Wistar rats based on their reported folkloric use in the local management of kidney and liver diseases and the
previously reported therapeutic potential of these African vegetables in TZM cardiotoxicity.

Methods: Forty-nine male Wistar rats were randomly allotted into seven groups of seven rats per group. Group I rats were treated with 10 ml/kg/day of
5% dimethyl sulfoxide (DMSO) sterile water p.o. and 1 ml/kg/day 5% DMSO sterile water i.p.; Groups II and III rats were orally pretreated with
400 mg/kg/day CVE and IGE, respectively, 3 h before 1 ml/kg/day/i.p. 5% DMSO sterile water; Group IV rats were orally pretreated with 10 ml/kg/day
5% DMSO sterile water 3 h before 2.25 mg/kg/day/i.p. TZM; and Groups V-VII rats were pretreated with 20 mg/kg/day Vit. C, 400 mg/kg/day CVE,
and 400 mg/kg/day IGE all dissolved in 5% DMSO sterile water, respectively, 3 h before i.p. injections of 2.25 mg/kg/day TZM, all for 7 days. Liver
function parameters, renal function parameters, oxidative stress markers, and histopathological investigations were the study measuring endpoints.

Results: Oral pretreatment with 20 mg/kg/day Vit. C, 400 mg/kg/day CVE and IGE significantly ameliorated TZM-mediated hepatic and renal
toxicities by effectively lowering the serum alanine transaminase, aspartate transaminase, alkaline phosphatase, creatinine, and urea levels. CVE and
IGE pretreatments also significantly reversed TZM-induced decreases in the hepatic and renal tissue catalase, superoxide dismutase, and glutathione-
S-transferase activities and reduced malondialdehyde levels. CVE and IGE pretreatments also improved TZM-induced hepatic and renal histological
lesions.

Conclusions: Overall, the chemotherapeutic/chemopreventive potentials of CVE and IGE in TZM-induced hepatorenal dysfunction were either wholly
or partly mediated through free-radical scavenging and antioxidant activities.

Keywords: Trastuzumab hepatorenal toxicity, Liver and renal function parameters, Oxidative stress markers, Clerodendrum volubile ethanol leaf
extract, [rvingia gabonensis ethanol seed extract, Male Wistar rats.
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INTRODUCTION region of human epidermal growth factor receptor 2 (HER2)
[2-4] which is widely used in the clinical management of HER2
overexpressing metastatic solid tumors such as breast and gastric
cancers [4,5], adenocarcinoma of gastroesophageal junction [2,3,6],
and advanced HER2-positive salivary duct carcinoma and colorectal
carcinoma [7]. TZM’s cytotoxic mechanisms are generally believed to
be multimodal [3,5] and include: Interference with signal transduction
pathways, impairment of extracellular domain cleavage, inhibition of

A number of cytotoxic agents that are metabolized and excreted from
the body through the hepatic and renal routes may significantly alter
the functional integrity of liver and kidney due to the toxic nature of
either their primary or secondary metabolites, although the severity
and pattern of their toxicity vary according to their respective drug
targets [1]. These anticancer agents include alkylating cytotoxic agents,
antibiotic cytotoxics, molecular targeted therapies, radio-diagnostic

contrast agents as well as bone targeted therapies depending on the DNA repair, decreased angiogenesis, induction of cell cycle arrest, and
cancer types and stages [1]. activation of antibody-dependent cellular cytotoxicity [3,5,8,9]. Despite

the huge success already recorded with its clinical use, TZM is notorious
Trastuzumab (TZM) is a humanized mouse IgG kappa monoclonal for causing cumulative but reversible off-target organ toxicities such as

antibody targeted against the subdomain IV of the extracellular cardiotoxicity [10-12], hepatotoxicity [13,14], nephrotoxicity [4, 15-17],
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hematotoxicity [18-22], interstitial pneumonitis [23-26], and infusion-
related hypersensitivity reactions [27]. There are reports that prolonged
TZM administration is associated with renal dysfunctions [15,28,29]
that may manifest as acute kidney injury (AKI) (which itself is
characterized by increased serum creatinine, electrolytes imbalance,
and impaired glomerular function) [5]. Similarly, TZM has been
reported to cause hepatotoxicity which is often characterized by marked
elevation in the serum hepatic enzymes - alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP),
and lactate dehydrogenase (LDH) [9,13,14,30-32]. The dose-dependent
hepatotoxicity has been reported to be related to increased hepatic
tissue Kupffer cells recruitment and elevated TNF-o. gene expression
resulting in increased pro-inflammatory cytokines release [31]. Thus,
the hallmarks of TZM-induced hepatotoxicity are inflammation and/or
necrosis [33]. Unfortunately, there are no known approved antidotes to
these off-target toxicities.

Irvingia gabonensis, belonging to Irvingiaceae family, is commonly
called African/bush/wild mango because of it mango-like fruits and is
abundantly distributed in the West African tropical forest [34]. While
its fruits are abundantly rich in oil which can be used in the makings
of bread and other confectioneries, butter, soap, and livestock feeds,
its fruit kernels are rich source of fat, oil, and protein and making it
popularly used as soup condiments and thickener [11]. Its sweet pulps
are also used in the beverage and winery industries [35]. Different part
extracts of the planthave been reported to have various pharmacological
values which include anti-obesity and antihyperlipidemic [36-41],
antihyperglycemic [42,43], analgesic [44,45], antimicrobial [46], and
antioxidant [47] properties.

Clerodendrum volubile, popularly called the “magic leaf” due to its
vast array of medicinal uses, is among the common food ingredients
in Southern Nigeria where it is locally known as “Marugbo” among
the Ondo and Ilaje people (Southwest Nigeria) and “Obenetete” among
the Ijaws (Southern Nigeria). In these areas, decoctions made from
C. volubile are used in the folkloric treatment of diabetes, ulcer, arthritis,
rheumatism, and dropsy [48,49]. Erukainure et al. [50] reported the
antioxidant, immunomodulatory, and antiproliferative activities of
protocatechuic acid and dietary fatty acids isolated from C. volubile
leaves against human breast cancer [51] and prostate cancer [52]
cell lines. Antihyperglycemic and antihyperlipidemic activities of
5,7,4'-trimethoxykaempferol and 4'-methoxy-5,7-dihydroxy isoflavone
(biochanin) isolated from C. volubile leaves have also be reported in
albino Wistar rat [53]. C. volubile leaves have equally been reported
to inhibit a-amylase, o-glucosidase, and angiotensin-converting
enzyme [54].

Akolkar et al. [55] have previously reported the role of angiotensin
converting enzyme inhibitorsin the prevention of TZM- and doxorubicin-
induced cardiotoxicities. In addition, ranolazine a new anti-ischemia
drug and, a specific and potent late sodium current inhibitor, has been
reported to attenuate TZM-induced cardiac dysfunction which is known
to mediate its action through inhibition of reactive oxygen species
(ROS) production [56] and upregulation of antioxidant enzymes [57].
Recently, we reported the protective effect of C. volubile ethanol leaf and
. gabonensis ethanol seed extracts against TZM-induced cardiotoxicity
in rats [58]. However, there are no effective antidotes to TZM-mediated
hepatorenal toxicities reported so far. In view of this, the present study
is the first study designed to evaluate the possible therapeutic potential
of C. volubile ethanol leaf extract and 1. gabonensis ethanol seed extract
in acute TZM-induced hepatorenal dysfunction in Wistar rats, being the
closest phylogenetically to humans.

MATERIALS AND METHODS

Plant materials

Aerial parts of C. volubile and fresh seeds of Irvingia gabonensis were
purchased from Herbal Vendors in Isikan Market in Akure, Ondo
State, Nigeria. Samples of the C. volubile plant as well fresh leaves,
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inflorescence, and fruits of I. gabonensis were subjected to botanical
identification, authentication, and referencing (voucher specimen
number: UIL/001/2019/1254 and UIL/001/2019/1364, respectively)
as previously reported by Akinsola [59].

Extraction processes
The extraction processes of the fresh leaves of C. volubile and pulverized
I gabonensis seeds and their % yields calculated as described by
Olorundare et al. [58].

Experimental animals

After an institutional ethical approval (UERC Approval number: UERC/
ASN/2020/2072) was obtained, young adult male Wistar rats (age:
8-12 weeks old) were procured from the Lagos State University College
of Medicine Animal House. The rats were processed in accordance with
international principles guiding the Use and Handling of Experimental
Animals [60]. Rats were generously placed on standard rat chow and
potable water and maintained under standard laboratory conditions
(ambient temperature: 28-30°C, humidity: 55+5%, and natural
photoperiod: 12/12 h alternating light and dark periodicity).

Body weight measurement
Rat weights were measured on days 1 and 7 of the experiment and
expressed in grams (g).

Induction of TZM-induced hepatorenal toxicity and other drug
treatment of rats

Random allotment of rats into the different treatment groups and
their treatments were as done as previously described by Olorundare
et al. [58]. Similarly, choice of the therapeutic doses of 400 mg/kg/day
of C. volubile ethanol leaf extract (CVE) and I. gabonensis ethanol seed
extract (IGE) was made based on our previous study [59]. Briefly
described, Group I rats were treated with 10 ml/kg/day sterile water
p.o. 3 h before 1 ml/kg/day sterile water ip. injection; Groups II
and III rats were orally pretreated with 400 mg/kg/day CVE and
IGE, respectively, 3 h before 1 ml/kg/day/ip. sterile water injection;
Group [V rats were orally pretreated with 10 ml/kg/day sterile water 3 h
before 2.25 mg/kg/day/i.p. TZM; and Groups V-VII rats were pretreated
with 20 mg/kg/day Vit. C, 400 mg/kg/day CVE and 400 mg/kg/day
IGE, respectively, 3 h before i.p. injections of 2.25 mg/kg/day TZM. All
treatments were for 7 days.

Collection of blood samples

Treated rats were humanely sacrificed under light inhaled diethyl ether
anesthesia after an overnight fast. Whole blood samples were obtained
directly from the heart with fine 21G needle and 5 ml syringe into plain
blood sample bottles.

Measurement of liver and kidney weights
Rat livers and kidneys were carefully identified, freed from adjoining
supporting tissues, harvested en bloc, and weighed.

Biochemical assays

Following blood samples collection, blood samples were allowed to clot
at room temperature for 6 h after which they were then centrifuged
at 5000 rpm for 15 min to separate out clear sera. Sera obtained were
analyzed for the serum liver function parameters (liver enzymes [ALT,
AST, and ALP], proteins [TP and ALB], lipids [TG, TC, HDL-c, LDL-c, and
VLDL-c] and TB), and renal function parameters (electrolytes [Na*, K*,
Cl, and HCO, 7, urea, and creatinine) using standard procedures. Serum
lipids were assayed using methods of Tietz et al. [61], while serum liver
enzyme activities and proteins were estimated using standard bioassay
procedures [62].

Determination of the rat hepatic and renal tissue antioxidant
activities

Following sacrifice of treated rats humanely under light inhalational
diethyl ether, liver and kidneys were identified, freed of adjoining
connective tissue, dissected out en bloc, and briskly rinsed in normal
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saline water. The left and middle lobes of the liver were dissected out
carefully with a new surgical blade and the left kidney was briskly
rinsed in ice cold 1.15% KCl solution to preserve the oxidative enzyme
activities of the liver and kidney before being frozen up on ice packs.
Hepatic and renal tissue superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), and glutathione-S-transferase (GST)
activities as well as reduced glutathione and malonialdehyde levels
were determined as described by Olorundare et al. [58].

Histopathological evaluation of hepatic and renal tissues

In conducting histopathological evaluation of livers and kidneys of
treated rats, the dissected right lobe of the liver and right kidney of
the treated rats were processed for histopathological evaluation using
procedures described by Slaoui and Fiette [63]. Prepared thick sections
of the processed tissues were that the tissues were subsequently stained
with hematoxylin-eosin stain and examined under a photomicroscope
coupled with a host computer.

Statistical analysis

Data were presented as mean+S.D. and mean+S.E.M. of seven samples
for the body weight and biochemical parameters, respectively. Data
were analyzed using two-way analysis of variance followed by Student-
Newman-Keuls test as the post hoc test, on GraphPad Prism Version 5.
Statistical significance were considered at p<0.05, p<0.01, and p<0.001.

RESULTS

Extraction process and calculation of %yield

%Yield calculated following the complete extraction of the pulverized
C. volubile dried leaves was 8.39% with a resultant dark color, sticky
and jelly-like, and sweet-smelling solid residue which was completely
insoluble in water but completely soluble in methanol and ethanol.
Similarly, complete extraction of I. gabonensis ethanol seed extract in
absolute ethanol resulted in a dark brown, oily, and aromatic residue
that was only soluble in methanol and ethanol with a yield of 4.31%.

Effect of CVE and IGE on the body weight changes and relative
organ weights of treated rats

Table 1 depicts the effects of repeated daily intraperitoneal injection
with 2.25 mg/kg of TZM and oral pretreatments with 20 mg/kg/day
of Vitamin C and 400 mg/kg/day of CVE and IGE, respectively, on the
average body weight on days 1 and 7 and percentage weight change
(%Awt.). TZM treatment had no significant (p>0.05) effect on the weight
gain pattern and relative liver and kidney weights. Same results were
recorded for CVE-pretreated (Group II), IGE-pretreated (Group III), and
vit. C-pretreated (Group V) (Table 1). However, TZM treatment caused
a significant (p<0.05) increase in RLW and RKW relative to normal
control (Groups I) and CVE-only pretreated (Group II) values (Table 1)
while there were profound (p<0.05) decreases in the RLW and RKW
values with CVE and IGE pretreatments relative to TZM-intoxicated
group (Group 1V) (Table 1). However, Vit. C pretreatment caused
no significant (p>0.05) changes in the RLW and RKW values when
compared to TZM-treated values (Table 1).
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Effect of oral pretreatments of 400 mg/kg/day of CVE and IGE on
serum liver function and lipids in TZM-intoxicated rats

Repeated intraperitoneal treatments with 2.25 mg/kg TZM resulted in
significant (p<0.001) elevations in the serum liver enzymes (ALT, AST,
and ALP) while causing significant (p<0.0001) reductions in the serum
proteins (TP and ALB) but had no effect on the serum TB (Table 2).
Similarly, TZM treatment caused no significant (p>0.05) alterations in
the serum lipids (Table 3). However, oral 400 mg/kg/day of CVE and
IGE pretreatments resulted in significantly (p<0.001 and p<0.0001)
attenuated reductions in the serum liver enzymes and proteins.
Furthermore, CVE and IGE pretreatments did not significantly (p>0.05)
serum levels of TB and lipids (Tables 2 and 3).

Effect of 400 mg/kg/day of CVE and IGE on the serum renal function
in TZM-intoxicated rats

Repeated intraperitoneal treatments with 2.25 mg/kg of TZM resulted
in significant (p<0.0001) reductions in the serum Na*, Cl°, and HCO,
while causing significant (p<0.001 and p<0.0001) increases in the
serum K, urea, and creatinine (Table 4). With 400 mg/kg/day of CVE
and IGE pretreatments, there was significant attenuation (p<0.0001) in
the reductions of the serum Na*, Cl', and HCO,~ while elevations in the
serum K, urea, and creatinine were significantly attenuated (p<0.001
and p<0.0001) (Table 4).

Effect of CVE and IGE on the hepatic tissue oxidative stress markers
(GSH, GST, GPx, SOD, CAT, and MDA) of TZM-treated rats

Repeated TZM treatments resulted in significant attenuation (p<0.05
and p<0.0001) in SOD, CAT, GST activities, and GSH levels while there
were significant increases (p<0.001) in the GPx and MDA activities
(Table 5). However, CVE and IGE pretreatments significantly (p<0.05,
p<0.0001) attenuated alterations in the activities of these enzyme
markers in the cardiac tissue restoring their activities to normal as
recorded for Groups I-II values. These values were also comparable to
Vit. C-treated (Group V) values (Table 5).

Effect of CVE and IGE on the renal tissue oxidative stress markers
(GSH, GST, GPx, SOD, CAT, and MDA) of TZM-treated rats

TZM treatment resulted in significant attenuation (p<0.05 and
p<0.0001) in SOD, CAT, GST activities, and GSH levels while there were
significant increases (p<0.001) in the GPx and MDA activities (Table 6).
However, repeated oral treatments with 400 mg/kg/day of CVE and
IGE significantly (p<0.05 and p<0.0001) attenuated alterations in the
activities of these enzyme markers in the treated hepatic and renal
tissues restoring their activities to normal as recorded for Groups I-11I
values. These values were also comparable to those of Vit. C-treated
group (Table 6).

Histopathological assessment of CVE and IGE on TZM-treated
hepatic tissues

Rat livers repeatedly injected with 2.25 mg/kg/day of TZM through the
intraperitoneal route were characterized by marked dilated hepatic
sinusoids with vascular congestion, and marked periportal neutrophilic
infiltrations (Fig. 1) while those of Groups I-III showed no remarkable
hepatic histoarchitectural changes (Figs. 2-4). However, repeated oral

Table 1: Effect of repeated oral pretreatments with 400 mg/kg/day of CVE and IGE on the average body weights on days 1 and 7,
percentage change in weight (% Awt.) and relative liver (RLW), and kidney weight (RKW) of TZM-treated rats

Group Day 1 bwt. (g) Day 7 bwt. (g) % Awt. RLW RKW

I 175.80+25.18 183.90£20.45 05.12+04.92 02.69 +0.15 00.56+0.05
I1 178.20£27.90 189.90+34.42 06.24+05.05 02.92 £0.10 00.60+0.04
11 183.40+£37.69 190.00+£39.87 03.54+02.93 03.09 £0.15 00.64+0.02
IV 177.10£20.37 188.50+£23.61 06.37+02.60 03.36 £ 0.10* 00.72+£0.04*
\%4 176.20+£20.46 185.00+23.47 05.95+05.43 03.25+0.17° 00.68+0.02
VI 171.50£17.73 178.40+£17.17 04.15+04.11 03.16 £ 0.08* 00.74+0.04*
VII 171.50+21.40 180.70+£22.94 03.99+03.24 03.01 £0.15° 00.66+0.02°

“Represents a significant increase at p<0.05 when compared to Groups I and II values while “Represents a significant decrease at p<0.05 when compared to Group IV

values

149



Adeneye et al.
Asian ] Pharm Clin Res, Vol 14, Issue 1, 2021, 147-157

Table 2: Effect of 400 mg/kg/day of CVE and IGE on serum liver enzymes (ALT, AST, and ALP), proteins (TP and ALB) and total bilirubin
(TB) in TZM-treated rats

Groups Serum liver function parameters
ALT (U/L) AST (U/L) ALP (U/L) TP (g/L) ALB (g/L) TB (mg/dL)

I 73.4+04.7 400.7+48.9 115.4+16.4 74.3+02.1 26.3+x0.9 00.20+0.00
1l 78.9+09.5 419.9+46.3 127.1+21.1 73.4+01.4 27.3+01.3 00.20+0.00
111 77.7+08.9 403.3+58.8 97.6x13.8 75.1+01.5 28.3+x01.4 00.20+0.00
v 162.1+08.9° 606.0+91.9° 231.4+26.3° 63.6+01.7f 21.0+01.1f 00.20+0.00
\% 125.0432.2> 373.7+84.9* 173.1£20.6* 77.7+02.2¢* 29.0+01.1¢ 00.20+0.00
VI 105.9+12.2¢ 256.1+20.7> 157.9+17.7* 83.1+01.8™ 35.3+01.1" 00.20+0.00
A% 95.7+12.6¢ 197.7+34.3¢ 139.9+16.1> 83.9+02.1* 37.1£01.44" 00.20+0.00

PRepresents a significant increase at p<0.001 when compared to Group I-1II values while “and "Represent significant decreases at p<0.05 and p<0.001, respectively,
when compared to Group IV values; ‘Represents a significant decrease at p<0.0001 when compared to controls (Groups I-III) values while ¢* and ** represent significant
increases at p<0.001 and p<0.0001, respectively, when compared to Group IV values. CVE: Clerodendrum volubile ethanol leaf extract, IGE: Irvingia gabonensis ethanol
seed extract, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, ALP: Alkaline phosphatase

Table 3: Effect of 400 mg/kg/day of CVE and IGE on serum lipid profile of TZM-treated rats

Groups Serum lipids
TG (mmol/1) TC (mmol/1) HDL-c (mmol/1) LDL-c (mmol/1) VLDC-c (mmol/1)

I 1.00+0.11 1.37+0.11 0.40+0.03 0.51+0.10 0.45+0.05
I1 0.79+0.06 1.41+0.13 0.41+0.04 0.64+0.08 0.36+0.04
11 0.79+0.09 1.47+0.12 0.44+0.04 0.67+0.09 0.36+0.04
1\ 0.96+0.05 1.53+0.09 0.44+0.02 0.66+0.09 0.43+0.02
\' 0.94+0.10 1.51+0.10 0.44+0.02 0.64+0.07 0.43+0.04
VI 0.86+0.09 1.40+0.13 0.40+0.03 0.62+0.07 0.39+0.04
VIl 0.80+0.06 1.45+0.08 0.42+0.03 0.67+0.04 0.36+0.03

CVE: Clerodendrum volubile ethanol leaf extract, IGE: Irvingia gabonensis ethanol seed extract

Table 4: Effect of 400 mg/kg/day of CVE and IGE on renal function parameters of TZM-treated rats

Group Serum electrolytes, urea, and creatinine
Na*(mmol/L) K* (mmol/L) Cl- (mmol/L) HCO,~ (mmol/L) Urea (mmol/L) Crea (mmol/L)

I 137.00+0.44 06.00+£0.30 102.10£0.55 19.57+0.57 06.79+0.16 52.10+1.37
11 138.30+0.18 06.30+0.38 104.00+0.22 17.29+0.47 06.80+0.36 54.61+1.25
111 139.40+0.57 06.97+0.38 103.40+0.43 17.86+0.59 06.60+0.52 54.76+1.71
v 125.90+1.20° 09.13+0.38¢ 83.29+2.58f 10.86+0.96f 11.09+0.33¢ 82.04+1.60°
\Y 139.90+0.46" 07.51+0.53¢ 100.40+0.69" 16.71+0.68" 07.74+0.22¢ 62.86+1.12¢
VI 137.90+0.91* 07.40+0.70¢ 100.30+1.02% 17.29+1.38% 07.29+0.36“ 57.73+2.53¢
VII 140.00+0.76" 06.90+0.63" 99.57+1.02% 18.00+1.33%™ 07.77+0.53¢ 63.26+1.68¢

‘Represents a significant increase at p<0.0001 when compared to Groups I-III values while *and ‘Represent significant decreases at p<0.001 and p<0.0001 when
compared to Group IV values; Represents a significant decrease at p<0.0001 when compared to Groups I-11I values while *Represent a significant increase at p<0.0001
when compared to Group IV values. CVE: Clerodendrum volubile ethanol leaf extract, IGE: Irvingia gabonensis ethanol seed extract

Table 5: Antioxidant activities of 400 mg/kg/day of CVE and IGE in TZM-intoxicated rat hepatic tissue

Groups Antioxidant parameters

GSH (pmol/ml)  GST (umol/ml) GPx (umol/ml) SOD (umol/ml/min/mgpro) CAT (umol/ml) MDA (pmol/ml)
[ 50.99+4.89 35.55+0.34 52.16%5.15 02.37+0.14 12.78+0.90 05.960.61
11 51.93+1.33 37.10+0.64 56.92+1.74 01.93+0.23 14.35+0.95 07.15+0.23
111 55.02+6.29 34.53+0.56 60.53+7.22 01.98+0.26 16.70+0.48 06.00+0.93
vV 35.79+4.47¢ 25.46+0.77¢ 79.56+3.67¢ 01.08+0.04* 06.17+0.45f 16.36+0.60°
\' 60.30+1.88" 35.23+0.67% 43.99+0.67¢ 02.08+0.04"" 16.08+1.17% 04.41+0.30¢
VI 61.01+2.15% 37.88+1.39% 49.47+1.12¢ 02.76+0.20¢ 15.49+0.98" 01.04+0.07¢
VIl 60.36+1.22% 54.95+4.00™ 41.63+2.78 02.69+0.11¢ 13.43+0.18™ 0.83+0.05~

fRepresents a significant decrease at p<0.0001 when compared to Groups I-III (controls) values while “Represents a significant increases at p<0.0001 when compared to
Group IV values; * and “Represent significant increases at p<0.05 and p<0.0001, respectively, when compared to Groups I-III values while ** and ¢*Represents significant
decreases at p<0.001 and p<0.0001, respectively when compared to untreated positive control (TZM treated only, Group V). CVE: Clerodendrum volubile ethanol leaf
extract, IGE: Irvingia gabonensis ethanol seed extract, SOD: Superoxide dismutase, CAT: Catalase, GPx: Glutathione peroxidase, GST: Glutathione-S-transferase

pretreatments with 400 mg/kg/day of CVE (Fig. 5) and 400 mg/kg/day Histopathological effect of CVE and IGE on TZM-treated renal tissue
of IGE (Fig. 6) significantly improved these TZM-induced hepatic lesions Rat kidneys repeatedly injected with 2.25 mg/kg/day of TZM through
while oral pretreatment with 20 mg/kg/day of Vit. C showed no the intraperitoneal route were characterized by marked vascular
remarkable improvements in the T7ZM-induced hepatic lesions (Fig. 7). congestion, hyaline arteriosclerosis with focal neutrophilic infiltrations
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Table 6: Antioxidant activities of 400 mg/kg/day of CVE and IGE in TZM-intoxicated rat kidney tissue

Groups Antioxidant parameters
GSH (umol/ml)  GST (umol/ml) GPx (umol/ml)  SOD (umol/ml/min/mg pro)  CAT (umol/ml) MDA (pmol/ml)

I 78.50+4.06 37.29+1.11 68.76+2.34 04.72+0.37 19.64+1.00 01.06+0.20

11 61.85+6.17 38.65+1.71 63.36+3.48 03.97+0.27 19.48+1.92 01.01+0.20

111 56.78+5.84 34.61+0.47 59.29+5.24 04.06+0.18 21.84+1.98 00.91+0.20

I\Y% 27.15+1.56f 24.98+1.27* 83.92+2.65¢ 02.83+0.27* 09.93+1.10f 09.25+0.81¢

\ 53.56+5.89 37.50+0.98" 52.60+0.74* 05.79+0.844 12.99+0.70°* 00.69+0.21""

VI 50.21+2.90" 34.29+0.28" 34.01+2.66™ 05.28+0.574" 15.67+1.00" 00.77+0.20>

VI 52.43+2.10% 38.95+1.37% 24.01+2.15¢ 18.37+0.80" 12.67+0.13¢ 00.42+0.07¢

‘Represents a significant decreases at p<0.0001 when compared to Groups I-1II (controls) values while % and “Represent significant increases at p<0.05 and p<0.0001,
respectively, when compared to Group IV values; ‘Represents a significant increase at p<0.0001 when compared to Groups I-11I values while >~ and “Represent significant
decreases at p<0.05 and p<0.0001, respectively, when compared to untreated positive control (TZM treated only, Group 1V). CVE: Clerodendrum volubile ethanol leaf
extract, IGE: Irvingia gabonensis ethanol seed extract, SOD: Superoxide dismutase, CAT: Catalase, GPx: Glutathione peroxidase, GST: Glutathione-S-transferase

Fig. 1: A cross-sectional representative of the trastuzumab (TZM)-
intoxicated rat liver treated with 2.25 mg/kg/day/i.p. route of
TZM dissolved in sterile water and pretreated with 10 ml/kg/day/
p.o. of dissolved in 5% dimethyl sulfoxide sterile water showing
dilated hepatic sinusoids, vascular congestion (indicated by the
blue arrow), and interstitial neutrophilic infiltration (indicated
by the red arrow) (x400, Hematoxylin-Eosin stain)

Fig. 2: A cross-sectional representative of the normal rat liver
treated with 10 ml/kg/day/p.o. route of dissolved in 5% dimethyl
sulfoxide sterile water and 1 ml/kg/day/i.p. route of sterile water

showing normal hepatic histoarchitecture (x400, Hematoxylin-
Eosin stain)

(Fig. 8) while those of Groups I-IIl were of no remarkable renal
histoarchitectural changes that were orally treated with 10 ml/kg/day

Fig. 3: A cross-sectional representative of the rat liver treated
with 400 mg/kg/day/p.o. route of Clerodendrum volubile ethanol
leaf extract dissolved in 5% dimethyl sulfoxide sterile water and

1 ml/kg/day/i.p. route of sterile water showing normal hepatic
histoarchitecture (x400 magnification, Hematoxylin-Eosin stain)

Fig. 4: A cross-sectional representative of the rat liver treated
with 400 mg/kg/day/p.o. route of Irvingia gabonensis ethanol
seed extract dissolved in 5% dimethyl sulfoxide sterile water and
1 ml/kg/day/i.p. route of sterile water showing normal hepatic
histo-architecture (x400, Hematoxylin-Eosin stain)

of sterile water, 400 mg/kg/day of CVE, and 400 mg/kg/day of IGE
only, respectively (Figs. 9-11). However, these marked histological
lesions induced by TZM were markedly improved by repeated oral
pretreatments with 400 mg/kg/day of CVE (Fig. 12) and 400 mg/kg/day
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Fig. 5: A cross-sectional representative of the trastuzumab-
intoxicated rat liver orally pretreated with 400 mg/kg/day/p.o.
route of Clerodendrum volubile ethanol leaf extract dissolved in
5% dimethyl sulfoxide sterile water showing moderate hepatic
vascular congestion and sinusoidal dilatation (indicated by the

blue arrow) (x400, Hematoxylin-Eosin stain)

Fig. 6: A cross-sectional representative of the trastuzumab-
intoxicated rat liver orally pretreated with 400 mg/kg/day/p.o.
route of Irvingia gabonensis ethanol seed extract dissolved in 5%
dimethyl sulfoxide sterile water showing mild hepatic vascular
congestion and sinusoidal dilatation (indicated by the blue
arrow) (x400, Hematoxylin-Eosin stain)

of IGE (Fig. 13) with 20 mg/kg/day of Vit. C showing no remarkable
improvements in the TZM-induced renal vascular congestion, and
hyaline arteriosclerosis (Fig. 14).

DISCUSSION

Herbal remedy as an important therapeutic approach either alone
or in combination with the well-established orthodox medicines is a
viable tool for the provision of adequate and robust health care [64-66].
Identifiable factors encouraging inclusion of herbal regimen in health-
care management in both developed and developing countries include
affordability, easy availability, and accessibility [67,68]. In addition, the
field of traditional, complementary, and alternative medicines supports
the use of phytomedicinal plants and nutraceuticals as therapeutic/
chemopreventive agents and for use in combating resistance and
ameliorating the toxic side effects several chemotherapeutic agents,
due to scientific reports confirming their efficacy in preclinical and
clinical models [69].

Asian ] Pharm Clin Res, Vol 14, Issue 1, 2021, 147-157

Fig. 7: A cross-sectional representative of the trastuzumab
-intoxicated rat liver orally pretreated with 20 mg/kg/day/p.o.
route of Vit. C dissolved in dissolved in 5% dimethyl sulfoxide
sterile water showing dilated hepatic sinusoids and hepatic
vascular congestion (indicated by the blue arrows) (x400,
Hematoxylin-Eosin stain)

Fig. 8: A cross-sectional representative of the trastuzumab (TZM)-
intoxicated rat kidney treated with 2.25 mg/kg/day/i.p. route of
TZM dissolved in sterile water and pretreated with 10 ml/kg/day/
p.o. of dissolved in 5% dimethyl sulfoxide sterile water showing
renal vascular congestion (indicated by the blue arrow), hyaline
arteriosclerosis with focal neutrophilic infiltration (indicated by
the red arrows) and acute tubulointerstitial nephritis (indicated
by the yellow arrow) (x400, Hematoxylin-Eosin stain)

In the present study, chemotherapeutic potentials of 400 mg/kg/day of
CVE and IGE were investigated in TZM-mediated hepatorenal toxicities
using measuring outcome endpoints such as the hepatic function
parameters, renal function parameters, oxidative stress markers, and
histopathological endpoints.

TZM-induced hepatotoxicity is reported to be characterized by marked
dose-related elevations in the serum liver enzyme markers such
as ALT, AST, and ALP [13,30,32,70]. ALT and AST are found within
the hepatocytes and are only released when there is liver damage
although the cardiac muscles equally contain certain quantity of AST,
while ALP is found in the cell lining of the hepatic biliary duct and
released in large amount when there is hepatic biliary duct injury
or obstruction [71-74]. ALP may also be profoundly elevated in
metastatic hepatic carcinoma and metastatic colon carcinoma [75,76],
lymphoma [77-82], osteosarcoma [83,84], or infiltrative diseases
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Fig. 9: A cross-sectional representative of the normal rat kidney
treated with 10 ml/kg/day/p.o. route of dissolved in 5% dimethyl
sulfoxide sterile water and 1 ml/kg/day/i.p. route of sterile water

showing normal renal histoarchitecture (x400, Hematoxylin-
Eosin stain)

Fig. 11: A cross-sectional representative of the rat kidney treated
with 400 mg/kg/day/p.o. route of Irvingia gabonensis ethanol
seed extract dissolved in 5% dimethyl sulfoxide sterile water and
1 ml/kg/day/i.p. route of sterile water showing normal renal
histoarchitecture (x400, Hematoxylin-Eosin stain)

Fig. 10: A cross-sectional representative of the rat kidney treated
with 400 mg/kg/day/p.o. route of Clerodendrum volubile ethanol
leaf extract dissolved in 5% dimethyl sulfoxide sterile water and
1 ml/kg/day/i.p. route of sterile water showing normal renal
histoarchitecture (x400, Hematoxylin-Eosin stain)

such as sarcoidosis [85-87]. Thus, elevations in circulating ALT and
AST levels are regarded as reliable markers of intrahepatic injury,
including acute hepatotoxicity while elevations in the circulating
ALP is indicative of extrahepatic biliary injury, which is more often
extrahepatic cholestatic obstruction [88,89]. The fact that these liver
enzyme markers were markedly elevated following repeated TZM
injections in this study is indicative that TZM-induced hepatotoxicity
was fully established. Oral pretreatments with 400 mg/kg/day of CVE
and IGE profoundly attenuated increases in the serum levels of these
enzyme markers and reflecting their protective activities against TZM-
mediated hepatotoxicity. Apart from liver enzymes, other biochemical
parameters, such as the serum proteins (TP and ALB), lipids, and TB are
considered corollary biomarkers of liver functions and their alterations
are known to provide insight into liver function integrity [90-92]. In
liver diseases including drug-induced hepatotoxicity, the circulating
levels of these corollary liver function parameters which are synthesized
de novo in the liver are decreased except for TB that may either be
elevated or unaffected depending on whether the cause of the liver
disease/injury is pre-hepatic, hepatic, or post-hepatic [93-95]. Aside
liver enzymes, TZM is also known to induce profound elevations in

Fig. 12: A cross-sectional representative of the trastuzumab-
intoxicated rat kidney orally pretreated with 400 mg/kg/day/p.o.
route of Clerodendrum volubile ethanol leaf extract dissolved in
dissolved in 5% dimethyl sulfoxide sterile water showing renal
vascular congestion (blue arrow), hyaline arteriosclerosis with
mild interstitial neutrophilic infiltration (indicated by the red
arrow) (x400, Hematoxylin-Eosin stain)

the serum total bilirubin, prothrombin time/international normalized
ratio [13], decrease serum ALB and LDH levels [96], and serum lipids
and other metabolomics profile [97]. Contrary to other reports, TZM, in
this study, caused unremarkable alterations in the serum TB and serum
lipid levels. However, the fact that CVE and IGE oral pretreatments
profoundly attenuated decreases in the serum protein levels strongly
lends support to the protective activity of these extracts against TZM-
induced hepatotoxicity. These remarkable alterations in the hepatic
enzymes and other hepatic function parameters were corroborated by
hepatic histopathological lesions of dilated sinusoidal congestion and
neutrophilic infiltrations which were improved remarkably by CVE and
IGE oral pretreatments.

TZM is also known to mediate deleterious effects of the renal function
which may manifest as AKI and electrolyte imbalance [5,98,99].
AKI may manifest as profound increases in the serum creatinine
and wurea, hypomagnesemia, hypokalemia, hypophosphatemia,
hypocalcemia [5,100], as well as metabolic acidosis [101]. In this study,
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Fig. 13: A cross-sectional representative of the trastuzumab-
intoxicated rat kidney orally pretreated with 400 mg/kg/day/p.o.
route of Clerodendrum volubile ethanol leaf extract dissolved
in dissolved in 5% dimethyl sulfoxide sterile water showing
very mild vascular congestion (indicated by the blue arrow)
and hyaline arteriosclerosis with no interstitial neutrophilic
infiltration (x400, Hematoxylin-Eosin stain)

Fig. 14: A cross-sectional representative of the trastuzumab-
intoxicated rat kidney orally pretreated with 20 mg/kg/day/p.o.
route of Vit. C dissolved in dissolved in 5% dimethyl sulfoxide
sterile water showing renal vascular congestion (indicated by the
blue arrow), hyaline arteriosclerosis with moderate interstitial
neutrophilic infiltration (indicated by the red arrow) (x400,
Hematoxylin-Eosin stain)

acute TZM treatment was associated with hyponatremia, hypochloremia,
metabolic acidosis, hyperuremia, and hypercreatininemia which
are in line with previous studies [5,101-103]. TZM is reported to
cause hypokalemia, but hyperkalemia was observed in the current
study. This variance could probably be due to acute and/or chronic
oliguric kidney which often precedes long-term onset of TZM-related
hypokalemia [104]. However, these abnormal alterations in the serum
electrolytes, urea, and creatinine induced by TZM treatment were
profoundly improved with CVE and IGE pretreatments indicating the
potential benefits of these extracts in TZM-mediated renal dysfunction.
Apart from TZM-mediated renal function parameter alterations, TZM
also induced marked vascular congestion, hyaline arteriosclerosis with
focal neutrophilic infiltrations, and acute tubulointerstitial nephritis
which is similar to that previously reported [17]. However, these TZM-
induced hepatic histological lesions were remarkably improved by CVE
and /GE oral pretreatments.

Asian ] Pharm Clin Res, Vol 14, Issue 1, 2021, 147-157

Oxidative and nitrative stress have been implicated in the biopathology
of TZM-mediated hepatorenal toxicities through generation of highly
toxic ROS and nitrative species by interfering with HER-2 signaling and
inhibiting tissue pro-survival effects [30,103-105]. TZM is known to
interfere with mitochondrial functionality and causing mitochondrial
dysfunction, ATP depletion and inhibiting AMPK and PI3K/Akt
pathways [105,106]. TZM activates proapoptotic pathway proteins such
as Bax and can induce the opening of mPTP, consequently resulting in
mitochondrial dysfunction and ROS accumulation [107]. Similarly, TZM
also binds to HER-2 and increases proapoptotic Bcl-xS expression while
it decreases antiapoptotic Bcl-xL expression [108]. These results in
overwhelming ROS production and reduced ROS scavenging activities
leading to markedly reduced SOD, CAT, GST activities, and GSH levels and
enhanced GPx activities and MDA levels in TZM-treated tissues [109]
which results of this present study are strongly in line with. However,
with CVE and IGE pretreatments, there were profound improvements
in the oxidative stress markers in both TZM-treated hepatic and renal
tissues, indicating the protective role of CVE and IGE in TZM-induced
tissue oxidative stress.

Secondary metabolites such as terpenoids, alkaloids, and polyphenols
(including stilbenes, phenolic acids, coumarins, flavonoids,
anthraquinones, and tannins) have been documented to elicit powerful
free radicals scavenging and antioxidant activities [110]. CVE and IGE
have been reported to be rich sources of flavonoids (quercetin and
kaempferol), ellagic acid, mono-, di-, and tri-O-methyl-ellagic acid,
and their glycosides which are potent antioxidants [49,58,111-113].
The presence of these secondary metabolites in CVE and IGE which
previously have been reported to elicit antioxidant activities [47,49,58],
including TZM-induced cardiotoxicity [113], was responsible for the
significant free radical scavenging and antioxidant activities recorded
for CVE and IGE in this study.

CONCLUSION

Overall, findings of this study highlight the promising therapeutic
potential of CVE and IGE against TZM-induced hepatorenal dysfunction,
partly mediated through hepatic and renal oxidative stress inhibition.

ACKNOWLEDGMENTS

The authors deeply appreciate the technical assistance provided by
the Laboratory Manager, Dr. Sarah John-Olabode and other staff of the
Laboratory Services, AFRIGLOBAL MEDICARE, Mobolaji Bank Anthony
Branch Office, Ikeja, Lagos, Nigeria, in assaying for the serum cardiac
biomarkers and lipid profile. Similarly, the technical support of staff of
LASUCOM Animal House, for the care of the Experimental Animals used
for this study and Mr. Sunday O. Adenekan of BIOLIFE CONSULTS in the
area of oxidative stress markers analysis are much appreciated.

AUTHORS’ CONTRIBUTION

Olufunke Olorund are designed the experimental protocol for this
study and was involved in the manuscript writing; Adejuwon Adeneye
also designed, supervised the research, analyzed data, and wrote
the manuscript; Akinyele Akinsola is an M.Sc. student in Olufunke
Olorundare’s laboratory who performed the laboratory research;
Sunday Soyemi and Alban Mgbehoma independently evaluated and
reported the prepared histological slides; Ikechukwu Okoye is the
Laboratory Technologist who prepared the histopathology slides; Ralph
Albrecht, James Ntambi, and Hasan Mukhtar are our collaborators in
the U.S.A. who read through the manuscript. In addition, all authors
have read and approved the manuscript.

AUTHORS’ FUNDING

This research study was funded by Tertiary Education Trust Fund
(TETFUND) Nigeria, through its National Research Fund (TETFUND/
NRF/UIL/ILORIN/STI/VOL.1/B2.20.12) as a collaborative research
award to Olufunke Olorundare and Hasan Mukhtar.

154



Adeneye et al.

CONFLICTS OF INTEREST

The authors have none to declare

REFERENCES

1.

20.

21.

22.

23.

24.

. Matos

Launay-Vacher V, Aapro M, De Castro G Jr., Cohen E, Deray G,
Dooley M, et al. Renal effects of molecular targeted therapies in
oncology: A review by the cancer and the kidney international network
(KIN). Ann Oncol 2015;26:1677-84.

Blackwell KL, Burstein HJ, Storniolo AM, Rugo H, Sledge G,
Koehler M, et al. Randomized study of lapatinib alone or in combination
with trastuzumab in women with ErbB2-positive, trastuzumab-
refractory metastatic breast cancer. J Clin Oncol 2010;28:1124-30.
PoonKA, FlagellaK, Beyer J, Tibbitts J, Kaur S, Saad O, et al. Preclinical
safety profile of trastuzumab emtansine (T-DM1): Mechanism of action
of its cytotoxic component retained with improved tolerability. Toxicol
Appl Pharmacol 2013;273:298-313.

Porta C, Cosmai L, Gallieni M, Pedrazzoli P, Malberti F. Renal effects
of targeted anticancer therapies. Nat Rev Nephrol 2015;11:354-70.
Lameire N. Nephrotoxicity of recent anti-cancer agents. Clin Kidney J
2014;7:11-22.

Davidson M, Starling N. Trastuzumab in the management of
gastroesophageal cancer: Patient selection and perspectives. Onco
Targets Ther 2016;9:7235-45.

Gibo T, Sekiguchi N, Gomi D, Noguchi T, Fukushima T, Kobayashi T,
et al. Targeted therapy with trastuzumab for epidermal growth factor
receptor 2 (HER2) positive advanced salivary duct carcinoma: A case
report. Mol Clin Oncol 2019;11:111-5.

Spector NL, Blackwell KL. Understanding the mechanisms behind
trastuzumab therapy for human epidermal growth factor receptor
2-positive breast cancer. J Clin Oncol 2009;27:5838-47.

Mandaliya H, Baghi P, Prawira A, George MK. A rare case of paclitaxel
and/or trastuzumab induced acute hepatic necrosis. Case Rep Oncol
Med 2015;2015:825603.

. Klein PM, Dybdal N. Trastuzumab and cardiac dysfunction: Update on

preclinical studies. Semin Oncol 2003;30:49-53.

L, Nzikou JM, Matouba E, Pandzou-Yembe VN,
Mapepoulou TG, Linder M, et al. Studies of Irvingia gabonensis seed
kernel: Oil technological applications. Pak J Nutr 2009;8:151-7.

. Hidalgo S, Albright CA, Wells GL. A case of trastuzumab-associated

cardiomyopathy presenting as an acute coronary syndrome: Acute
trastuzumab cardiotoxicity. Case Rep Cardiol 2013;2013:473979.

. Vucicevic D, Carey EJ, Karlin NJ. Trastuzumab-induced hepatotoxicity:

A case report. Breast Care 2013;8:146-8.

. Ishizuna K, Ninomiya J, Ogawa T, Tsuji E. Hepatotoxicity induced by

trastuzumab used for breast cancer adjuvant therapy: A case report. J
Med Case Rep 2014;8:417.

. Albini A, Donatelli F, Focaccetti C, D’Elios MM, Noonan DM. Renal

dysfunction and increased risk of cardiotoxicity with trastuzumab
therapy: A new challenge in cardio-oncology. Intern Emerg Med
2012;7:399-401.

. Cosmai L, Gallieni M, Porta C. Renal toxicity of anticancer agents

targeting HER2 and EGFR. J Nephrol 2015;28:647-57.

. Matyszko J, Koztowska K, Koztowski L, Matyszko J. Nephrotoxicity

of anticancer treatment. Nephrol Dial Transplant 2017;32:924-36.

. Sanchez CJ, Garate CO, Jiménez JG, Parraga JP. Drug-induced

thrombocytopenia induced by trastuzumab: A special challenge in a
curable disease. Ann Oncol 2009;20:1607-8.

. Drudi F, Gianni L, Fantini M, Ravaioli A. Trastuzumab-related

thrombocytopenia: Always a self-limiting complication? Ann Oncol
2010;21:668-9.

Mabhapatra K, Darbonne W, Bumbaca D, Shen B, Du X, Tibbitts J,
et al. T-DMl-induced thrombocytopenia results from impaired
platelet production in a HER2-independent manner. Mol Cancer Ther
2011;10:135.

Everds NE, Tarrant JM. Unexpected hematologic effects of
biotherapeutics in non-clinical species and in humans. Toxicol Pathol
2013;41:280-302.

Ahalli 1, Arifi S, Berradi S, Boujarnija R, Messoudi K, Amaadour L,
et al. Severe acute thrombocytopenia after biosimilar trastuzumab
administration: A case report. J] Pharm Pharmacol Res 2020;4:15-20.
Chaudhuri T, Karmakar S. Trastuzumab-induced pulmonary fibrosis: A
case report and review of literature. Clin Cancer Invest J 2012;1:242-4.
Costa R, Costa-Filho RB, Talamantes SM, Queiroga F Jr., Campello EC,
Cartaxo H, et al. Interstitial pneumonitis secondary to trastuzumab: A
case report and literature review. Case Rep Oncol 2017;10:524-30.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Asian ] Pharm Clin Res, Vol 14, Issue 1, 2021, 147-157

Sugaya A, Isiguro S, Mitsuhashi S, Abe M, Hashimoto I, Kaburagi T,
et al. Interstitial lung disease associated with trastuzumab monotherapy:
A report of 3 cases. Mol Clin Oncol 2017;6:229-32.

Alkan A. Interstitial pneumonitis associated with trastuzumab
emtansine. J Oncol Pharm Pract 2019;25:1798-800.

Baldo BA. Adverse events to monoclonal antibodies used for cancer
therapy: Focus on hypersensitivity responses. Oncoimmunology
2013;2:€26333.

Micallef RA, Barrett-Lee PJ, Donovan K, Ashraf M, Williams L.
Trastuzumab in patients on hemodialysis for renal failure. Clin Oncol
2007;19:559.

Russo G, Cioffi G, Di Lenarda A, Tuccia F, Bovelli D, Di Tiano G, et al.
Role of renal function on the development of cardiotoxicity associated
with trastuzumab-based adjuvant chemotherapy for early breast cancer.
Intern Emerg Med 2012;7:439-46.

Srinivasan S, Parsa V, Liu CY, Fontana JA. Trastuzumab-induced
hepatotoxicity. Ann Pharmacother 2008;42:1497-501.

Yan H, Endo Y, Shen Y, Rotstein D, dokmanovic M, Mohan N, et al.
Ado-trastuzumab emtansine targets hepatocytes via human epidermal
growth factor receptor 2 to induce hepatocytes. Mol Cancer Ther
2016;15:480-90.

Samala KG. Hepatotoxicity caused by trastuzumab for adjuvant
therapy of breast cancer in a Filipino woman: A case report. Ann Oncol
2017;28:97.

Ramachandran R, Kakar S. Histological pattern in drug-induced liver
disease. J Clin Pathol 2009;62:481-92.

Harris DJ. A revision of the [rvingiaceae in Africa. Bull Jard Bot Natl
Belg 1996;65:143-96.

Mgbemena NM, Ilechukwu I, Okwunodolu FU, Chukwura JV,
Lucky IB. Chemical composition, proximate and phytochemical
analysis of Irvingia gabonensis and Irvingia wombolu peels, seed coat,
leaves and seeds. Ovidius Univ Ann Chem 2019;30:65-9.

Ekpe OO, Umoh IB, Eka OU. Effect of a typical and processing method
on the proximate composition and amino acid profile of bush mango
seeds (/rvingia gabonensis). Afr J Food Agric Nutr Devt 2007;7:1-12.
Oben JE. Seed extract of the West African bush mango (/rvingia
gabonensis) and its use in health. In: Nuts and Seeds in Health and
Disease Prevention. Ch. 3. Academic Press, London; 2011. p. 271-7.
Oben J, Ngondi JL, Blum K. Inhibition of Irvinginia gabonensis seed
extract (OB131) on adipogenesis as mediated via down regulation of
the PPAR gamma and leptin genes and up-regulation of the adiponectin
gene. Lipids Health Dis 2008;7:44-9.

Ngondi J, Oben J, Minka R. The effect of Irvingia gabonensis seeds on
body weight and blood lipids of obese subjects in Cameroon. Lipids
Health Dis 2005;4:12-5.

Ngondi JL, Etoundi BC, Nyangono CB, Mbofung CM, Oben JE.
IGOBI131, a novel seed extract of the West African plant /rvingia
gabonensis, significantly reduces body weight and improves metabolic
parameters in overweight humans in a randomized double-blind
placebo controlled investigation. Lipids Health Dis 2009;8:7-13.
Onakpoya I, Davies L, Posadzki P, Ernst E. The efficacy of /rvingia
gabonensis supplementation in the management of overweight and
obesity: A systematic review of randomized controlled trials. J Diet
Suppl 2013;10:29-38.

Ngondi JL, Djiotsa EJ, Fossouo Z, Oben J. Hypoglycaemic effect of
the methanol extract of Irvingia gabonensis seeds on streptozotocin
diabetic rats. Afr J Tradit Complement Altern Med 2006;3:74-7.
Sulaimon AO, Auta T, Hassan AT. Evaluation of anti-diabetic activity
of Irvingia gabonensis leaf and bark in alloxan induced diabetic rats.
Biosci Res Supp Found 2015;1:84-9.

Okolo HC. Industrial Potential of Various /rvingia gabonensis Products
Such as Oil, Ogbono and Juice. Ibadan, Nigeria; Conference on /rvingia
gabonensis; 1994.

Okolo CO. Analgesic effect of Irvingia gabonensis stem bark extract. J
Ethnopharmacol 1995;45:125-9.

Fadare DA, Ajaiyeoba EO. Phytochemical and antimicrobial activities
of the wild mango /rvingia gabonensis extracts and fractions. Afr J Med
Medic Sci 2008;37:119-24.

Agbor GA, Oben JE, Ngogang JY, Xinxing C, Vinson JA. Antioxidant
capacity of some herbs/spices from Cameroon: A comparative study of
two methods. J Agric Food Chem 2005;53:6819-24.

Burkill HM. The Useful Plants of West Tropical Africa. Vol. 2. London:
Royal Botanic Gardens; 1985.

Erukainure OL, Ebuehi OA, Choudhary IM, Adhikari A, Hafizur RM,
Perveen S, et al. Iridoid glycoside from the leaves of Clerodendrum
volubile beauv. shows potent antioxidant activity against oxidative
stress in rat brain and hepatic tissues. J Diet Suppl 2014;11:19-29.

155



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Adeneye et al.

Erukainure OL, Hafizur RM, Choudhary MI, Adhikari A, Mesaik AM,
Atolani O, et al. Anti-diabetic effect of the ethyl acetate fraction of
Clerodendrum volubile: Protocatechuic acid suppresses phagocytic
oxidative burst and modulates inflammatory cytokines. Biomed
Pharmacother 2017;86:307-15.

Erukainure OL, Mesaik AM, Muhammad A, Chukwuma CI,
Manhas N, Singh P, et al. Flowers of Clerodendrum volubile
exacerbate immunomodulation by suppressing phagocytic oxidative
burst and modulation of COX-2 activity. Biomed Pharmacother
2016;83:1478-84.

Afolabi S, Olorundare OE, Gyebi G, Syed DN, Mukhtar H, Albrecht R,
et al. Cytotoxic potentials of Clerodendrum volubile against prostate
cancer Cells and its possible proteomic targets. J Clin Nutr Food Sci
2019;2:46-53.

Erukainure OL, Hafizur RM, Kabir N, Choudhary MI, Atolani O,
Banerjee P, et al. Suppressive effects of Clerodendrum volubile P.
Beauv. [Labiatae] methanolic extract and its fractions on Type 2
diabetes and its complications. Front Pharmacol 2018;9:8.

Adefegha SA, Oboh G. Antioxidant and inhibitory properties of
Clerodendrum volubile leaf extracts on key enzymes relevant to non-
insulin dependent diabetes mellitus and hypertension. J Taibah Univ Sci
2016;10:521-33.

Akolkar G, Bhullar N, Bews H, Shaikh B, Premecz S, Bordun KA,
et al. The role of renin angiotensin system antagonists in the prevention
of doxorubicin and trastuzumab induced cardiotoxicity. Cardiovasc
Ultrasound 2015;13:18.

Riccio G, Antonucci S, Coppola C, D’Avino C. Ranolazine attenuates
trastuzumab-induced heart dysfunction by modulating ROS production.
Front Physiol 2018;9:38.

Belmonte F, Das S, Sysa-Shah P, Sivakumaran V, Stanley B, Guo X,
et al. ErbB2 overexpression upregulates antioxidant enzymes, reduces
basal levels of reactive oxygen species, and protects against doxorubicin
cardiotoxicity. Am J Physiol Heart Circ Physiol 2015;309:H1271-80.
Olorundare OE, Adeneye AA, Akinsola AO, Soyemi S, Mgbehoma A,
Okoye I, er al. African vegetables (Clerodendrum volubile leaf and
Irvingia gabonensis seed extracts) effectively mitigate trastuzumab-
induced cardiotoxicity in Wistar rats. Oxid Med Cell Longev
2020;2020:9535426.

Akinsola AO. Vasorelaxant and cardioprotective properties of
Clerodendrum volubile Leaf Extract on Doxorubicin-induced Toxicities
in Wistar Rats. A M.Sc. Pharmacology Dissertation Submitted to the
Postgraduate School. Ilorin, Nigeria: University of Ilorin; 2019.
National Research Council (US) Committee for the Update of the
Guide for the Care and Use of Laboratory Animals. Guide for the Care
and Use of Laboratory Animals. Washington, DC, USA: The National
Academies Press; 2011.

Tietz NW. In: Burtis CA, Ashwood ER, editors. Textbook of Clinical
Chemistry. Philadephia, USA: WB Saunders; 1999.

Adeneye AA, Ajagbonna OP, Adeleke TI, Bello SO. Preliminary
toxicity and phytochemical studies of the stem bark aqueous extract of
Musanga cecropioides in rats. ] Ethnopharmacol 2006;105:374-9.
Slaoui M, Fiette L. Histopathology procedures: From tissue sampling to
histopathological evaluation. Methods Mol Biol 2011;691:69-82.
Oreagba 1A, Oshikoya KA, Amachree M. Herbal medicine use among
urban residents in Lagos, Nigeria. BMC Complement Altern Med
2011;11:117.

Osemene KP, Elujoba AA, Tlori MO. A comparative assessment of
herbal and orthodox medicines in Nigeria. Niger J Nat Prod Med
2013;17:77-81.

Duru CB, Diwe KC, Uwakwe KA, Merenu I, Iwu A, Oluoha U, ef al.
Combined orthodox and traditional medicine use among households in
Orlu, Imo State, Nigeria: Prevalence and determinants. World J Prev
Med 2016;4:5-11.

Payyappallimana U. Role of traditional medicine in primary health
care: An overview of perspectives and challenging. Yokohama J Social
Sci 2010;14:58-77.

Kamal Z, Bairage JJ, Moniruzzaman, Das PR, Islam MT, Faruque MO,
et al. Ethnomedicinal practices of a folk of medicinal practitioner in
Pabna district, Bangladesh. World J Pharm Pharm Sci 2014;3:73-85.
Mohsenzadegan M, Seif F, Farajollahi MM, Khoshmirsafa M. Anti-
oxidants as chemopreventive agents in prostate cancer: A gap between
preclinical and clinical studies. Recent Pat Anticancer Drug Discov
2018;13:224-39.

Muioz A, Carrera S, Ferreiro J, de Lobera AR, Mafie JM, Lopez-
Vivanco G. Reversible liver toxicity with adjuvant trastuzumab for
localized breast cancer. Ann Oncol 2007;18:2045-6.

Rej R. Aminotransferases in disease. Clin Lab Med 1989;9:667-87.

72

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Asian ] Pharm Clin Res, Vol 14, Issue 1, 2021, 147-157

. Jalan R, Hayes PC. Review article: Quantitative tests of liver function.
Aliment Pharmacol Ther 1995;9:263-70.

Giannini EG, Testa R, Savarino V. Liver enzyme alteration: A guide for
clinicians. CMAJ 2005;172:367-70.

Vagvala SH, O’Connor SD. Imaging of abnormal liver function tests.
Clin Liver Dis (Hoboken) 2018;11:128-34.

Saif MW, Alexander D, Wicox CM. Serum Alkaline phosphatase level
as a prognostic tool in colorectal cancer: A study of 105 patients. J Appl
Res 2005;5:88-95.

Andriantsoa M, Hoibian S, Autret A, Gilabert M, Sarran A, Niccoli P,
etal. An elevated serum alkaline phosphatase level in hepatic metastases
of grade 1 and 2 gastrointestinal neuroendocrine tumors is unusual and
of prognostic value. PLoS One 2017;12:¢0177971.

Avilés A, Talavera A, Garcia EL, Guzman R, Diaz-Maqueo JC. La
fosfatasa alcalina como factor pronéstico en enfermedad de Hodgkin.
[Alkaline phosphatase as a prognostic factor in Hodgkin’s disease]. Rev
Gastroeneterol Mex 1990;55:211-4.

Camidge R, Ong E, Lucraft H. An aggressive intrasinusoidal lymphoma
presenting with marked systemic disturbance but normal imaging
studies. Postgrad Med J 2000;76:103-4.

Tahannejad Z, Dayer D, Samie M. The levels of serum alkaline
phosphatase and lactate dehydrogenase in Hodgkin lymphoma. Iran J
Blood Cancer 2012;3:125-8.

Lee JA, Jeong WK, Min JH, Kim J. Primary hepatic lymphoma
mimicking acute hepatitis. Clin Mol Hepatol 2013;19:320-3.

Kewan TZ, Hajyousef MH, Zahran DJ, Al-Khatib SM. Alkaline
phosphatase serum level at time of diagnosis is a prognostic marker in
patients with Hodgkin lymphoma. Blood 2017;130:5187.

Siddique A, Kowdley KV. Approach to a patient with elevated serum
alkaline phosphatase. Clin Liver Dis 2012;16:199-229.

Ren HY, Sun LL, Li HY, Ye ZM. Prognostic significance of serum
alkaline phosphatase level in osteosarcoma: A meta-analysis of
published data. Biomed Res Int 2015;2015:160835.

Studdy PR, Bird R, Neville E, James DG. Biochemical findings in
sarcoidosis. J Clin Pathol 1980;33:528-33.

Cremers J, Drent M, Driessen A, Nieman F, Wijnen P, Baughman R,
et al. Liver-test abnormalities in sarcoidosis. Eur J Gastroenterol
Hepatol 2012;24:17-24.

Nargis W, Ahamed BU, Hossain MA, Biswas SM, Ibrahim M. Pattern
of elevated serum alkaline phosphatase (ALP) levels in hospitalized
patients: A single centre study. Pulse 2013;6:20-6.

Hall P, Cash J. What is the real function of the liver “function” tests?
Ulster Med J 2012;81:30-6.

Contreras-Zentella ML, Hernandez-Muioz R. Is liver enzyme release
really associated with cell necrosis induced by oxidant stress? Oxid
Med Cell Longev 2016;2016:3529149.

Limdi JK, Hyde GM. Evaluation of abnormal liver function tests.
Postgrad Med J 2003;79:307-12.

Gowda S, Desai PB, Hull VV, Math AA, Vernekar SN, Kulkarni SS. A
review on laboratory liver function tests. Pan Afr Med J 2009;3:17.
Arain SQ, Talpur FN, Channa NA, Ali MS, Afridi HI. Serum lipid
profile as a marker of liver impairment in hepatitis B cirrhosis patients.
Lipids Health Dis 2017;16:51.

Thapa BR, Walia A. Liver function tests and their interpretation. Indian
J Pediatr 2007;74:663-71.

Singh K. Evaluation and interpretation of biomarkers of liver diseases.
Int J Res Health Sci 2013;1:213-23.

Méndez-Sanchez N, Vitek L, Aguilar-Olivos NE, Uribe M. Bilirubin as
a biomarker in liver disease. In: Patel V, Preedy V, editors. Biomarkers
in Liver Disease. Biomarkers in Disease: Methods, Discoveries and
Applications. Dordrecht: Springer; 2017.

Liu X, Meng QH, Ye Y, Hildebrandt MA, Gu J, Wu X. Prognostic
significance of pretreatment serum levels of albumin, LDH and total
bilirubin in patients with non-metastatic breast cancer. Carcinogenesis
2015;36:243-8.

Jobard E, Trédan O, Bachelot T, Vigneron AM, Ait-Oukhatar CM,
Arnedos M, et al. Longitudinal serum metabolomics evaluation of
trastuzumab and everolimus combination as pre-operative treatment for
HER-2 positive breast cancer patients. Oncotarget 2017;8:83570-84.
Perazella MA, Moeckel GW. Nephrotoxicity from chemotherapeutic
agents: Clinical manifestations, pathobiology, and prevention/therapy.
Semin Nephrol 2010;30:570-81.

Perazella MA. Onco-nephrology: Renal toxicities of chemotherapeutic
agents. Clin J Am Soc Nephrol 2012;7:1713-21.

Izzedine H, Bahleda R, Khayat D, Massard C, Magné N, Spano JP,
et al. Electrolyte disorders related to EGFR-targeting drugs. Crit Rev
Oncol Hematol 2010;73:213-9.

156



100.

101.

102.

103.

104.

105.

106.

107.

Adeneye et al.

Kumar N, Sivadas A, Lakshmi R. Trastuzumab-induced respiratory
distress: A case report. Asian J Pharmaceut Clin Res 2018;11:1-2.
Verzicco I, Regolisti G, Quani F, Bocchi P, Brusasco I, Ferrari M,
et al., Electrolyte disorders induced by antineoplastic drugs. Front
Oncol 2020;2020:00779.

Deavall DG, Martin EA, Horner JM, Roberts R. Drug-induced
oxidative stress and toxicity. J Toxicol 2012;2012:645460.

Mohan N, Jiang J, Wu J. Implications of autophagy and oxidative
stress in trastuzumab mediated cardiac toxicities. Austin Pharmacol
Pharm 2007;2:1005.

Gorini S, De Angelis A, Berrino L, Malara N, Rosano G, Ferraro E.
Chemotherapeutic drugs and mitochondrial dysfunction: Focus on
doxorubicin, trastuzumab, and sunitinib. Oxid Med Cell Longev
2018;2018:7582730.

Teppo HR, Soini Y, Karihtala P. Reactive oxygen species-mediated
mechanisms of action of targeted cancer therapy. Oxid Med Cell
Longev 2017;2017:1485283.

Gordon LI, Burke MA, Singh AT, Prachand S, Lieberman ED,
Sun L, et al. Blockade of the erbB2 receptor induces cardiomyocyte
death through mitochondrial and reactive oxygen species-dependent
pathways. J Biol Chem 2009;284:2080-7.

Grazette LP, Boecker W, Matsui T, Semigran M, Force TL, Hajjar RJ,
et al. Inhibition of ErbB2 causes mitochondrial dysfunction in

108.

109.

110.

111.

112.

113.

Asian ] Pharm Clin Res, Vol 14, Issue 1, 2021, 147-157

cardiomyocytes: Implications for herceptin-induced cardiomyopathy.
J Am Coll Cardiol 2004;44:2231-8.

Dirican A, Levan F, Alacacioglu A, Kucukzeybek Y, Varol U,
Kocabas U, et al. Acute cardiotoxic effect of adjuvant trastuzumab
treatment and its relation to oxidative stress. Angiology 2014;65:944.
Forni C, Facchiano F, Bartoli M, Pieretti S, Facchiano A,
D’Arcangelo D, et al. Beneficial role of phytochemicals on oxidative
stress and age-related diseases. Biomed Res Int 2019;2019:8748253.
Sun J, Chen P. Ultra high-performance liquid chromatography
with high-resolution mass spectrometry analysis of African mango
(Irvingia gabonensis) seeds, extract, and related dietary supplements.
J Agric Food Chem 2012;60:8703-9.

Awah FM, Uzoegwu PN, Ifeonu P, Oyugi J, Rutherford J, Yao X, et al.
Free radical scavenging activity, phenolic contents and cytotoxicity of
selected Nigerian medicinal plants. Food Chem 2019;131:1279-86.
Ekpe OO, Nwaehujor CO, Ejiofor CE, Peace A, Woruji E, Amor E.
Irvingia gabonensis seeds extract fractionation, its antioxidant
analyses and effects on red blood cell membrane stability.
PharmacologyOnline 2019;1:337-53.

Olorundare OE, Adeneye AA, Akinsola AO, Sanni DA, Koketsu M,
Mukhtar H. Clerodendrum volubile ethanol leaf extract: A potential
antidote to doxorubicin-induced cardiotoxicity in rats. J Toxicol
2020;2020:8859716.

157



