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EXTENDED ABSTRACT

Background: Herbal medicines are increasingly used worldwide despite the
increased concern of their adulteration with conventional drugs. Non-opioid
analgesics  are  among of  the  conventional  drugs  reported  to  be  used  in
adulteration of anti-pain herbal medicines. This rise a need for developing
reliable  analytical  method  for  determination  of  adulterated  conventional
drugs in herbal medicines for quality control. This study aimed at developing
a  high  throughput  Liquid  Chromatography  coupled  with  Tandem  Mass
Spectrometry  for  determination  of  non-opioid  analgesics  (acetaminophen,
caffeine, acetylsalicylic acid, diclofenac, and ibuprofen) in  herbal medicines
in  one  run.  The  study  also  aimed  at  optimizing  a  sample  preparation
technique  to  enhance  detection  of  the  adulterants  in  herbal  medicine
obtained from the Tanzania market. 

Methodology: Solid  Phase  Extraction  (SPE)  and  Ultrasonic  Assisted
Extraction  (UAE)  methods  were  compared  in  respect  of  recoveries,
extraction  time,  complexity,  matrix  effects,  and  expenses  for  sample
preparation. Waters OASIS Hydrophilic-lipophilic  balance (HLB) 200 mg 6
mL, a C18  sorbent was used in Solid Phase Extraction method optimization.
The optimized parameters were effects of filters on sample filtration, sample
loading  pH,  selection  of  suitable  solvents  for  conditioning,  washing,  and
elution.  Ultrasonic  bath  and  centrifuge  were  used  for  optimization  of
ultrasonic  assisted  extraction  method  parameters including  effectives  of
organic  solvent  in  extraction,  extraction  solvent  content,  and  sample  to
extraction solvent volume ratio. Both methods were evaluated by calculating
their matrix effects, absolute recoveries, and percentage recovery for sub-
steps. The effective sample preparation method was used in development
and  validation  of  an  advanced  hyphenated  method  using  an  Agilent
Technologies  1100  series  Liquid  Chromatography  coupled  with  Waters
Tandem Mass spectrometry (LC-MS/MS) with electrospray ionization.  The
LC-MS/MS  method  was  validated  for  its  selectivity,  sensitivity,  linearity,
accuracy, precision, recovery, matrix effects, and stability. It was then used
to  analyse  132  samples  collected  from  the  markets  of  four  regions  in
Tanzania.

Results  and  Discussion: The  Ultrasonic  Assisted  Extraction  method
showed to be efficient  to Solid  Phase Extraction method for extraction of
selected  non-opioid  analgesics.  This  was  clearly  evidenced  by  high
recoveries,  minimum  extraction  time,  good  peak  shape,  its  simplicity  in
procedures,  and  use  of  less  expensive  consumables.  The  absolute
recoveries for  Ultrasonic Assisted Extraction were at  acceptable range (>
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60%) ranging from 60 % to 107 % while for Solid Phase Extraction method
showed poor recovery except for 
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diclofenac  and  ibuprofen  having  83% and  67%,  respectively.  The  matrix
effect  expressed as signal  suppression/enhancement  ranged  from 70% -
122% for Ultrasonic Assisted Extraction method and 3% to 124% for Solid
Phase  Extraction  method.  From  the  results  the  Ultrasonic  Assisted
Extraction method was chosen for sample extraction for analysis of Herbal
Samples. 

The  developed  LC-MS/MS  method  was  linear  with  coefficient  of
determination  of  R2  ≥ 0.9931.  The Limit  of  Detection  (LOD)  and Limit  of
Quantification  (LOQ)  for  selected  non-opioid  analgesics  were  within  the
range of 0 – 3.7  µg/mL. The intra-precision of the LC-MS/MS method was
expressed  as  Relative  Standard  deviation  and  was  less  than  9.5% with
varying matrix  effect  among analytes.  Twenty  one percent  (21%)  of  132
collected herbal medicines were adulterated with caffeine and acetylsalicylic
acid.  1,029.22  µg/mL was  one  of  the  highest  concentration  of  caffeine
detected in one of the analysed herbal medicines.

Conclusion and recommendation: This is the first  study in Tanzania to
report an analytical method for analysis of five (5) non opioid analgesics in
herbal medicines in Tanzania. The developed LC-MS/MS method is suitable
for the identification and quantification of 5 non opioid analgesics explored
adulterants. The method can be adopted by the regulatory authorities for
routine  analysis  of  herbal  medicines  for  monitoring its  quality  and safety.
Further studies are recommended for Ultrasonic Assisted Extraction method
using additional internal standards.

Key  words: Herbal  medicines,  Adulteration,  Analgesics,  Solid  Phase
extraction, Ultrasonic assisted extraction, LC-MS/MS.
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IKISIRI KUU

Usuli wa tatizo: Ongezeko la matumizi ya dawa zitokanazo na mimea-dawa
linazidi kukua ulimwenguni licha ya wasiwasi uliopo wa kuathiriwa kwa dawa
hizo kwa kuchanganywa na dawa za kisasa. Dawa za kutuliza maumivu za
kisasa  ni  miongoni  mwa  dawa  zinazoripotiwa  kuongezwa  katika  dawa
zitokanazo  na  mimea  dawa  za  kupunguza  maumivu  na  hivyo  kushusha
ubora wake. Hivyo, kuna uhitaji mkubwa wa kuunda njia ya kisayansi yenye
kuaminika  kwa  ajili  ya  uchambuzi  na  utambuzi  wa  dawa  zitokanazo  na
mimea dawa  zilizochanganywa  na  dawa  za  kisasa  ili  kudhibiti  ubora  na
kuongeza usalama kwa watumiaji. Utafiti huu ulilenga kutengeneza njia ya
kisayansi ya uchambuzi inayotumia teknolojia ya LC-MS/MS ili kubaini aina
na kiasi cha dawa za kisasa za kutuliza maumivu (asetaminopheni, kafeini,
aspirini,  diclofenaki,  na ibuprofeni)  zilizomo ndani  ya dawa zitokanazo na
mimea dawa. Utafiti  huu pia ulilenga kuboresha mbinu ya utayarishaji  wa
sampuli  ili  kuboresha  ugunduzi  wa  dawa  za  kisasa  ndani  ya  dawa
zitokanazo na mimea dawa zinazopatikana katika soko la Tanzania. 

Methodolojia: Utafiti ulilinganisha njia mbili,  Solid Phase Extraction (SPE )
na  Ultrasonic  Assisted  Extraction  (UAE),  kwa  kuzingatia  uhuishaji,  muda
ambao ulitumika kuchukua kiziduo, athari za dutu za ziada, na gharama za
uandaaji  wa  sampuli.  Teknolojia  ya  Waters  OASIS  Hydrophilic-lipophilic
balance  (HLB)  200  mg 6  mL,  sobanti  C18  ilitumika  katika  mchakato  wa
kuchambua  dutu  lengwa.  Vigezo  stahiki  vilipatikana  kutokana  na  athari
zilizojitokeza  katika  uandaaji  wa  sampuli.  Pia  teknolojia  ya ultrasonic
assisted  extraction ilitumika  kuweka  sawa  mchakato  wa  kikemikali  wa
kuchambua  dutu  lengwa  kutoka  kwenye  sampuli.  Njia  zote  mbili
zilitathiminiwa  kwa  kukokotoa  athari  zilizojitokeza,  kiasi  cha  dutu
zilizopatikana  katika  mchakato,  na  kiasi  cha  dutu  kilichopatikana  katika
hatua  zilizofuata. Njia  bora  ya  kuandaa  sampuli  stahiki  ilitumika  katika
kutengeneza na kuthibitisha njia yenye ufanisi wa kuchambua dutu lengwa.
Kukamilisha zoezi hili, teknolojia ya Agilent Technologies 1100 series Liquid
Chromatography na ile ya Waters Tandem Mass spectrometry (LC-MS/MS)
yenye electrospray ionization vilitumika. Njia ya LC-MS/MS ilihakikiwa uwezo
wake katika kubaini dutu husika, usahihi, utoshelevu, na umadhubuti. Aidha,
njia  hii  ilitumika  kuchambua  sampuli  132  zilizokusanywa  kutoka  kwenye
masoko ya mikoa minne nchini Tanzania.

Matokeo  na  mjadala: Njia  ya  UAE  ilionyesha  kuwa  na  ufanisi  katika
kuandaa sampuli ya dawa za kupunguza maumivu zilizochaguliwa kwa ajili
ya utafiti. Hii ilithibitishwa na uwezo mkubwa katika kuhuisha, kutumia muda
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mchache, kutoa taswira nyoofu, urahisi katika kutumia pamoja na utumiaji
wa malighafi 
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za  gharama  ndogo.  Uhuishaji  halisi  wa  UAE  ulikuwa  katika  kiwango
kinachokubalika,  yani,  kuanzia  60  %  hadi  107  %,  wakati  njia  ya  SPE
ilionesha  uhuishaji  dhaifu  isipokuwa  kwa  diclofenac  (83%)  na  ibuprofen
(67%).  Athari  za  ziada  zilizooneshwa  kama  alama  zilizodhibitiwa  (fiche)
zilianzia 70% - 122% kwa njia ya UAE na 3% hadi 124% kwa njia ya SPE.
Kutokana  na  matokeo,  UAE  ilichaguliwa  kwa  ajili  ya  kuandaa  sampuli
zitokanazo na mimea dawa kwa ajili ya uchambuzi.

Njia  ya  LC-MS/MS ililandana  na  kizigeu-tambuzi,  R2 ≥  0.9931,  upeo  wa
kubaini pamoja na upeo wa kiasi kwa dawa za kuzuia maumivu zilizotafitiwa
zilikuwa kati ya 0 – 3.7 µg/mL. Utashelevu wa ndani wa njia ya LC-MS/MS
ilijidhihirisha kama achano sanifu-wiano ambalo lilikuwa 9.5% iliyokuwa na
athari za ziada mbalimbali katika dutu zilizochambuliwa. Asilimia ishirini na
moja (21%) ya dawa 132 za asili  zilikuwa zimechanganywa na kafeini na
aspirini.  Kiasi  cha  juu  cha  kafeini  kilichogunduliwa  katika  dawa
zilizochunguzwa ni 1,029.22 µg/mL.

Hitimisho  na  mapendekezo: Huu  ni  utafiti  wa  kwanza  nchini  Tanzania
uliotumia njia changanuzi kuchunguza uwepo wa dawa tano za kisasa ndani
ya dawa zitokanazo na mimea dawa za kutuliza maumivu. Njia iliyobuniwa
ya LC-MS/MS ilifaa katika kutambua na kupima dawa tano za kupunguza
maumivu zilizotumika kama viharibifu. Hivyo, njia hii inaweza kutumiwa na
mamlaka za udhibiti wa ubora na usalama wa dawa za asili. Inapendekezwa
kuwa tafiti zaidi zifanyike kutengeneza njia zingine za LC-MS/MS kwa dawa
zingine ili kudhibiti ubora wake.

Maneno muhimu: Dawa za mimea-dawa, kuchanganywa, dawa za kutuliza
maumivu, uziduzi, LC-MS/MS.
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CHAPTER ONE
1. INTRODUCTION

1.1. Herbal medicines (HM)

Herbal  medicines  are  one of  the  green  resources  products  derived from
plants or plant extracts containing therapeutic substances (Bost et al., 2010;
Pavia,  Lampman,  Kriz,  1999).  They  are  increasingly  used  worldwide  as
dietary  supplements,  cosmetics  and  medicines  (Mir  et  al.,  2017).  Herbal
medicines (HM) exclusively contain active ingredients made from plant parts
such as leaves, roots or flowers which give pharmacological effect. They can
be found in form of tablets, pills, granules, capsules, powder, or liquid. They
naturally contain active ingredients for treatment of different health problems
including pain relief  (Bost et al., 2010). The consumption of HM is growing
rapidly  because  of  the  perception  that  they  are  natural  with  no  risks  to
human health and have high activity (Ekor, 2014). For that matter, the global
market  for  HM  is  increasing.  It  has  been  projected  by  World  Health
Organization (WHO) that, the demand of HM will reach $5 trillion by 2050
(Mir et al., 2017).

1.2. Adulteration

Adulteration of HM is defined as deliberately fake practices in which a HM is
substituted  partially  or  fully  with  impure,  extraneous,  improper  or  inferior
products  into  or  onto  a  starting  material,  intermediate  or  finished  herbal
product during production, sampling, packaging or repackaging, storage or
transport (Posadzki et al., 2013, Ichim, 2020). It as well refers to the practice
of adding synthetic drugs in the formula of the products, which are marketed
as “herbal medicine” (Al Lawati et al., 2017). Non-opioid analgesics such as
acetaminophen,  diclofenac,  caffeine,  ibuprofen,  indomethacin,  naproxen,
and piroxicam have been reported to be among the adulterants in HM (Kim
et al., 2014). The use of adulterated HM has resulted to a number of toxicity
cases leading to gastrointestinal, cardiovascular diseases, nervous system,
and renal effects (Calahan et al., 2016; Garg & Ferguson, 2002). In fact HM
can be adulterated with synthetic chemical drugs to enhance the efficacy of
respective products for the claimed indications (Kool, 2016). Adulterated HM
have  been  reported  to  lack  standardization,  incorrect  preparation,  and
inappropriate labelling (Sadgrove & Sadgrove, 2021).

Low  capacity  of  monitoring  of  HM  in  many  countries  pave  a  way  for
adulteration. The state-of-the-art equipment such as Liquid Chromatography
with Tandem Mass Spectrometry (LC-MS/MS) can be used to monitor the
quality  of  HM  in  the  market.  Thus,  the  safety  of  HM  becomes  a  major
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concern to National health Control Authorities and general public monitoring
Authorities  (Traditional  & Strategy,  2013).  This  calls  for  establishment  of
quality  control  of  HM  mechanisms  globally  and  nationally  through
strengthening the analytical capacity.

1.3. Quality and safety of herbal medicinal

The demand for the herbal drugs has increased in  recent  times because
contain  bioactive  compound(s)  and  so  can  be  used  as  alternatives  to
synthetic  drugs  (Vadhana et  al.,  2015).  Other  than antimicrobial  therapy,
herbal drugs are used for treatment of age-related disorders, osteoporosis,
and  immune  disorders  (Ishtiyak  &  Hussain,  2018).  They  contain  active
ingredients  that  can  be  used  as  blood  thinners  and  contain  analgesic,
antipyretic,  insecticidal,  antiseptic,  and antimicrobial  properties  (Ishtiyak &
Hussain,  2018).  However,  adulteration  with  undeclared  conventional
medicines  and  potent  pharmaceutical  substances such as  corticosteroids
and non-steroidal anti-inflammatory agents is a major safety concern (WHO,
2004).

1.4. Effect of uncontrolled use of non-opioid analgesics

Non-opioid  analgesics  (NOA)  include  acetaminophen  (paracetamol)  and
non-steroidal  anti-inflammatory  drugs  (NSAIDs).  They  have  analgesic,
antipyretic  and  anti-inflammatory  activities  that  they  inhibit  prostaglandin
synthesis  (Zimmermann  &  Curtisa,  2017).  Therefore,  they  are  used  to
conditions such as mild to moderate inflammatory pain, rheumatoid arthritis,
dysmenorrhea,  migraine,  headache,  fever,  and  other  ailments.  Anti-
inflammatory drugs provide greater comfort to the patient (Reis Nunes et al.,
2020). Uncontrolled NOA usage is associated with gastrointestinal problems,
kidney damages, asthma worsening in affected patients, increasing risk of
post-surgery  and  post-partum  bleeding,  erectile  dysfunction,  and
complications regarding conception and pregnancy  (Amirimoghadam et al.,
2017).

1.5.  Choice of method of analyte extraction from herbal medicines

Sample preparation and clean-up are the key steps that must be involved in
any  analytical  works.  Depending  on  the  sample  type  and  analytes
properties, different sample preparation methods have been reported to be
used  for  sample  preparation(Matuszewski  &  Constanzer,  1998)
(Matuszewski & Constanzer, 1998)(Matuszewski & Constanzer, 1998). The
best  choice  for  the  method  of  extraction  will  always  provide  the  best
chromatogram with good LC peak area, shape, width, resolution and high
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MSMS signal. The popular reported sample preparation methods are liquid –
liquid  extraction  (LLE),  solid  phase  extraction  (SPE),  ultrasonic  assisted
extraction  (UAE),  protein  precipitation,  and  quick,  easy,  cheap,  effective,
rugged and safe (QuEChERS) methods  (Stone, 2017, Paíga et al.,  2017,
Chen et  al.,  2009;).  For better  results,  methods need to be standardized
according to the physical and chemical properties of analytes (Kang, 2012).
In this study SPE and UAE methods were explored for higher recoveries of
studied analytes.

1.5.1. Solid Phase Extraction method

Solid-phase extraction (SPE) has been a method of choice for extraction of
non-opioid analgesics from HM. The ultimate goal of SPE is to concentrate
and  purify  analytes  from sample  matrix  by  adsorption  process  and  then
elution with a solvent appropriate for instrumental analysis for longer column
lifetime (Phenomenex, 2017). Different types of sorbents (stationery phase)
can be applied for extraction of varieties of analytes from sample matrix. As
the sample is slowly passed through the SPE cartridge, the analytes and
some  of  the  sample  matrix  compounds  may  be  retained  on  the  SPE
material. Therefore, the choice of SPE sorbent depends on the properties of
targeted analytes.  The vacuum manifold can be applied to speed up the
process (Corporation, 2008)

1.5.2. Ultrasonic Assisted Extraction method

Ultrasonic assisted extraction (UAE) method is the extraction method that
use  ultrasonic  irradiation  (20  to  1000  kHz)  which  allows  simultaneous
extraction of several samples (Albero et al., 2019). The main advantages of
this method is that;  it  allows extraction of  wide variety of  compound with
different polarity, have high extraction efficiency, operating time is shorter,
and it is simple  (Tabaraki et al., 2012). The method processes involved in
ultrasonic extraction are centrifugation and evaporation.

1.6. Selection of the  method  for  analysis of  adulterants  in  herbal
medicines

Different  detection  methods for  adulterants  have been reported including
Thin  Layer  Chromatography  (TLC)  (Simaremare  et  al.,  2018) and  High
Performance  Liquid  Chromatography  (HPLC)  with  Diode  array  Detector
(Patel et al., 2013). Mass Spectrometry is the most applied detection method
for  identification  and  structural  elucidation  of  adulterants  as  it  fulfils  the
requirement of selectivity and sensitivity needed for analysis  (Pratiwi et al.,
2021). Liquid Chromatography coupled with Tandem Mass Spectrometry is
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a primary tool in the analysis of adulterated herbal products or food samples
since  it  combines  the  separation  capacity  of  LC  with  high  sensitivity,
resolution,  and  selectivity  of  MS  detector  for  molecular  identification
(Vaclavik & Krynitsky, 2014; Zhu et al., 2014). It is therefore necessary to
develop  a  rapid  LC-MS/MS  method  for  screening  a  large  number  of
randomly selected samples. 

Following the use HM by more than 50% of Tanzanians, assuring the quality
through  determining  the  extent  of  adulteration  is  inevitable  (Liwa  et  al.,
2017).  The  installation  of  LC-MS/MS  machine  at  the  department  of
Chemistry  and  physics  opens  an  opportunity  to  contribute  to  the  quality
assurance  of  HM  specifically  non-opioid  analgesics  drugs  in  Tanzania.
Therefore, the study aimed at developing a simple and advanced LC-MS/MS
method for determination of five non-opioid analgesic adulterants in sampled
liquid herbal medicines.

1.7. Problem Statement and Significance of the study

The  adulteration  of  HM  with  synthetic  drugs  may  cause  health  risks  to
consumers. Despite the increasing use of HM at primary health care levels
in the country,  there is  still  low regulation capacity in  terms of  screening
technologies,  limited  analytical  methods  for  analysis  and  identification  of
adulterants specifically NOA. This has limited the availability of information
on the levels and extents of adulteration in the markets which exposes the
users  to  both  acute  and  chronic  health  effects.  The  presence  of
strengthened analytical capacity will produce scientific data that can be used
by regulatory authorities. Those data can be used in setting strong standards
and policy in ensuring the quality of HM. Therefore, the study focused at
developing and validating a high throughput method for determination of five
NOA in HM. This is contributing into strengthening regulatory capacity for
quality control of HM for consumers’ good health.  The generated scientific
data  from  this  study  could  contribute  in  the  government  efforts  in
establishing  benchmark  standards  for  use  by  regulatory  bodies  such  as
Tanzania  Bureau  of  Standards  (TBS),  Tanzania  Medicines  and  Medical
devices Authority (TMDA), and Traditional Medicine Practice Council.  The
LC-MS/MS method could be adopted by regulatory authorities for  routine
analysis of HM in Tanzania market and elsewhere. 

1.8. Research Objectives 

1.8.1.Overall objective 
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To develop and validate an LC-MS/MS method for determination of five (5)
non-opioid analgesic adulterants in HM collected from Tanzanian market.

1.8.2.Specific objectives

i. To evaluate the extraction efficiency of  SPE and UAE methods in
enhancing  recoveries  of  paracetamol,  caffeine,  aspirin,  diclofenac,
and ibuprofen from liquid HM Materials.

ii. To  develop  and  validate  the  LC-MS/MS  method  for  analysis  of
paracetamol, caffeine, aspirin, diclofenac, and ibuprofen adulterants
in liquid HM.

iii. To  identify  and  quantify  the  presence  of  paracetamol,  caffeine,
aspirin, diclofenac, and ibuprofen adulterants in liquid HM using the
developed LC-MS/MS method.

1.9. Study design

The study was designed as an experimental study.

1.10. Sample collection 

A  total  of  132  liquid  HM  declared  for analgesic,  antipyretic  and  anti-
inflammatory  activities  were  purposively  collected  from herbalists,  shops,
clinics, and open markets in Tanzania market. They were collected in four
representative regions of Tanzania; including Dar es Salaam, (56 samples),
Mwanza (20 samples), Morogoro (40 samples), and Njombe (16 samples).

1.11. Laboratory analysis

The general procedure for developing a method were followed that started
by optimizing MS parameters, LC parameters and finally sample preparation
method.  All  procedures  are  indicated  in  detail  in  chapter  two  and  three.
Generally, the developed LC-MS/MS method was of 20 minutes run time.

1.11.1. Optimization of MS parameters 

MS parameters were optimized using a triple quadrupole Mass spectrometry
(Waters,  Micromass UK Limited) equipped with an electrospray ionization
(ESI) interface and operated with Masslynx 4.1 software. Parameters were
obtained by entering the molecular ion masses into the massLynx software.
The  default  ranges  for  cone  voltage  and  collision  energy  were  used  to
enable  MassLynx  software  to  automatically  determine  other  parameters,
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such as capillary voltage, desolvation temperature, gas flows and multiple
reaction monitoring (MRM) transitions.  The nebulizing and collision gases
were  nitrogen  and  argon,  respectively.  Product  ions  and  corresponding
collision  energies were stored in  the method files.  The most  two intense
MRM transitions were selected for quantification and qualification.

1.11.2. Chromatographic conditions and analysis

The  use  of  LC-MS/MS  was  reported  one  of  most  effective  method  for
reliable data compared to TLC or HPLC. Chromatographic separations were
carried  out  on Agilent  1100  liquid  chromatography system fitted with  the
Degasser, Autosampler, column and column oven, and Diode array detector.
Agilent MassLynx was used for data analysis and handling. Acidified HPLC
grade MeOH, MeCN, and water solvents at different compositions, flow rate,
and column temperatures were tested for better resolution of analytes. 

1.12. Limitation of the study

Use of a single internal standard which may limit the accuracy and precision
of quantitation as well as the robustness of the developed method.

1.13. Thesis organization

This thesis has been developed in “Published paper formats” comprising of
five chapters. Chapter one contains general introduction, problem statement
and  significance  of  the  study,  general  and  specific  objectives,
methodological,  and study limitations.  Chapter two presents a manuscript
titled “Solid Phase Extraction and Ultrasonic Assisted Extraction methods in
enhancing  recoveries  of  non/opioid  analgesics  for  LC-MS/MS analysis  in
Herbal Medicines”, submitted to International journal of analytical chemistry.
Chapter  three  (3)  presents  a  paper  titled  “LC-MS/MS  method  for
determination  of  non-opioid  analgesics  adulterants  in  Tanzanian  herbal
market”,  published  in  the  journal  of  Chemistry  Africa.  Chapter  four  (4)
contain  general  discussions  and  chapter  five  (5)  have  conclusion  and
recommendations.
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CHAPTER TWO

Solid Phase Extraction and Ultrasonic Assisted Extraction methods for
determination of non-opioid analgesics using LC-MS/MS in adulterated
Herbal Medicines1

a* Anna L. Mpanyakavili, aChristopher J. Mwankuna and aFaith P. Mabiki

Department  of  Chemistry  and  Physics,  College  of  Natural  and  Applied
Sciences,  Sokoine  University  of  Agriculture,  P.  O.  Box  3038  Morogoro,
Tanzania.

*Corresponding  author:  Anna  L.  Mpanyakavili,  College  of  Natural  and
Applied Sciences, Department of Chemistry and Physics, Sokoine University
of  Agriculture,  P.  O.  Box  3038,  Morogoro,  Tanzania,  Email:
anna.mpanyakavili@sua.ac.tz/mpanyaannah@gmail.com;

1 “The material contained in this chapter has been submitted to the
International Journal of Analytical Chemistry”

mailto:anna.mpanyakavili@sua.ac.tz/mpanyaannah@gmail.com
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CHAPTER THREE

LC-MS/MS  Method  for  Determination  of  Non-opioid  Analgesics
Adulterants in Herbal Medicines2

1 *A. L. Mpanyakavili, 1C. J. Mwankuna, 1F. P. Mabiki and 2B. Styrishave

1Department  of  Chemistry  and  Physics,  College  of  Natural  and  Applied
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2Department  of  Pharmacy,  Faculty  of  Health  and  Medical  Sciences,

University of Copenhagen, Universitetsparken 2, 2100 Kobenhavn, Denmark
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.tz   and   bjarne.styrishave@sund.ku.dk  
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2 “The material contained in this chapter has been published online to Chemistry 
Africa” https://doi.org/10.1007/s42250-022-00457-7
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CHAPTER FOUR

GENERAL DISUSSION

General discussion

The amount of time spent on developing a sample preparation method and

acceptable cost is a controversial topic between analytical chemists using

LC-MS/MS. In order to maintain the good performance of LC-MS/MS and

high  robustness  of  the  method  intensive  sample  clean-up  is  important.

Sample preparation methods can be simple and at low cost; more complex

but low cost and complex but higher cost. The SPE and UAE methods were

optimized for effective extraction of ACM, CFN, ASA, IBF and DFC in liquid

HM.

The  results  showed  that,  the  SPE  method  took  long  time;  complex  to

perform  (so  laborious);  more  expensive  as  it  uses  the  expensive

consumables  like  SPE  tubes.  Its  absolute  recoveries  were  poor  and  is

against  the  acceptable  range  except  for  diclofenac  (83%)  and  ibuprofen

(67%). The poor recovery of SPE method can be because of decomposition

during the procedures, filtration process that reduce the recovery of analytes

due to adsorption process (Pillai et al., 2016). The UAE method showed to

be simple, less time consuming,  low cost of  analysis,  and produced high

recoveries.  The  absolute  recoveries  of  UAE  method  was  at  acceptable

range  of  ≥  60%  (Abarca,  2021) for  almost  all  compounds  except  for

acetylsalicylic  acid  (60%)  and  this  may  be  due  to  its  instability  at  room

temperature (Paíga et al., 2015).

In LC-MS/MS, the parameters optimised are well  correlated with the ICH

guideline  (European  Medicines  Agency,  2019).  The  main  fragments

produced during the optimization of  MS parameter were comparable with

other studies (Al Lawati et al., 2017; Kim et al., 2014). The LC method run

time was 20 minutes with better  separation and good peak shape for  all

compounds.  During  the  analysis  of  HM,  the  standard  mixture  was  used

before,  after,  and  in  the  middle  of  the  batch  analysis  to  check  the
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consistency of the method where. The shift of retention time between the

analysis of liquid HM and the run of standard mixture before, in-between and

after was ≤ 0.5 min. The sample was analysed in replicates for checking it’s

consistent.  The  internal  standard  (acetaminophen  –  d4)  was  used  to

compensate the matrix effects during measurements and random volume

injections.

Out of 132 HM sample 20% was shown to contain caffeine and 1% have

acetylsalicylic acid. The presence of caffeine in many HM sample can be

ascribed due to the natural occurrence of caffeine on other plants (Verster &

Koenig, 2018). It was reported that caffeine can be found in leaves, seeds

and fruits in many plants such as tea leaves, cocoa beans, coffee beans,

and guarana and kola nuts. Also, caffeine can be added to foods and drinks

as  preservative  and  for  promotion  of  energy  and  mood.  The  acceptable

intake of caffeine is reported not to exceed 400 mg for adults, < 200 mg for

pregnant/lactating women and < 2.5 mg/kg per body weight for adolescents

and children (WebMD, 2021). However, the use of caffeinated products such

as  240 mL of coffee (100 mg), green tea (30 – 50 mg), energy drinks (80

mg)and 100 g of guarana leaves (4.5 g)  plus adulterated HM with caffeine

can  exceed  the  recommended  dose  and  put  the  user  at  high  risks,

(Healthline, 2021). The over-consumption of caffeine may lead to unwanted

side  effects  like  experiencing  feelings  of  anxiety  and  sleep  disturbance

(Cappelletti et al., 2018; Sources of Caffeine - Coffee and Health, 2017). The

unawares  on  the  use  of  adulterated  HM may  results  to  development  of

resistance and chronic diseases.

This study opens an avenue to standardization of methods that are used for

quality  control  of  HM produced  in  Tanzania.  The  fact  that  the  optimized

extraction  method  and  analytical  methods  developed  met  ICH standards

allows the regulatory bodies in the country to set standards of quality of HM

in the country.  This  will  contribute  in  cubbing  health  risks  associate  with

adulteration (Calahan et al., 2016; Rocha et al., 2016; Wang et al., 2018).
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CHAPTER FIVE

GENERAL CONCLUSIONS AND RECOMENDATIONS

Conclusions

It is concluded that in order to achieve better recoveries for the developed

LC-MS/MS method,  UAE method  is  best  choice  for  HM.  The  developed

method  is  highly  sensitive,  accurate  and  time  effective  because  it  can

analyse the 5 compounds in one run. It can be used by regulatory authorities

for routine analysis of 5 compounds of interest. These results contributes to

the country database on extent of adulteration of liquid HM.

Recommendations

The study recommended other effective, rapid, and cost-effective analytical

methods of adulterants detection studies to be done. More improvement of

the  method  by  using  more  than  one  Internal  Standards  to  increase  its

sensitivity  and  instrumental  set  up  is  recommended.  The  fact  that  the

samples collected were detected with caffeine and acetylsalicylic acid, we

recommend that  the  method  be  adopted  for  the  routine  quality  check  to

expand monitoring of HM  to ensure their quality and safety to consumers.

This will as contribute to marketability of the HM. Also education programs

on good Production practices of HM to traditional healers are recommended.
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